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White Elephant,” Hiron that inner satisfaction that comes from ass at 
Carl Roval Yacht of the Prince with exalted conception brought to being through s 
Yi ind her she was truly a “Lady perb craftsmanship One seldor loses buying the 
d hivalry alone, nor yet profit did proven product of sincere men 
ise I really bought her to sat 
; s erity in men and metals at a I HAVEN’T time f Hirondell y first lov 
ssion was squeezing to light the Q-ALLOYS, is too possessive but I did place he 
ties of men, making inferiority in understanding hands She will go into service be 
s ed ty 1 goal n that mire of tween U.S. and South American ports in Jun I 
hope to be aboard with my plans Give Hirondell 
credit for inspiring better alloys, and call me a set 
6 for real things, too Pos- timental sap if you wish 
‘ ed f inspiration to the fine 
! men, when the pettiness of les 
f “friendships” was depress . 
iding with economic illiterates 
‘ sisting the temptation to take a ~~ 
Ss] ( and make a profit by P.S 
tive quality a visit aboard If you like sharing my drean here’s s 
sola I felt a kinship with Hirondetle py I wrote under he spell 
d navigators, for they knew 
h Gemeneter OF quan Mos CARLO, smiling and beautiful seat of tl 
" XI ience are Knowledge, Sin Goddess of Chance, the social sporting capital 
Means superlative KNOWLEDGI of Europe, beckons from the Mediterranean fYeris 
\ MEANS. concentrated in a single Romance, Wealth, Luxury, and Adventure 
| mise with men or money 
. oii J P. Morgan's ESTLED to her turquoise bosom, restlessly rid 
states. in aniaiiees ing anchor, lies Hirondelle he Swallow mos 
famous yacht in the world, the restless steed of a 
4 ‘ eme embodiment of science fearless, questing soul, Albert First, Prince de Mor 
’ Marine architecture was for aco, Prince of Navigators, Noble f Neptune's ¢ 
ft gineering worthy of the name Author Extraordinary, beloved scientist 
' vy to be erected to defy 
‘ ‘ shit thre ean’s wrath, lead a UR Prince spent the greater part of his 
lding en and nations. The sea, Winning renown as a scientist, exp! me the 
studied ships is poorer in logic depths of the Seven Seas, while the world’s great and 
iteur at design compromise Zlamorous flocked to his incandescent capital to study 
Mecha s inderlyving achieve the laws of chance at roulette and baccarat, where 
Phi Beta happa comes hard rhe fruits of his salty 
vineyard include 44 volumes of Oceanography, the 
~ os ling took 2,650,000 man-hours, finest Marine Museum in the world, at Monte Car 
ders in Indian swamps, flax and a number of enchanting books. If you are sea 
hemp pullers in Manila Each going you've prebably read Scientif frips Up 
Command t excel himself Yacht Hirondelle’——“The Caree f One Navigat 
sistant alloy plates, to her “Hirondelle Under The Stars 
Y gea ind) =o costly hydrographic 
l t with loving care Teak cut RINCE ALBERT'S ships were the t ate 
t sap, like the tides and worthiness, luxury and echanical rate t\ 
i by the full moon plans drawn, hulls fashioned, with loving care 
C — ; Sincerity of superb craftsmanship Or the il 
' operate Hirondelle — just Hirondelle, the lovely Swallow, graceful as 
. 1 good tool, for the name, majestic as her royal lineage, lux is as the 
» . iy not understand forsaken palacs s the noblest 
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The Key to Repeat Alloy Orders in Detroit, and in industries everywhere where 
PRODUCTION DEPENDS ON ALLOY CASTINGS, is DEPENDABILITY. 
DEPENDABLE ENGINEERING, insuring proper design 
DEPENDABLE MANUFACTURING, insuring mechanical and metallus 
DEPENDABILITY. 

DEPENDABLE DELIVERIES, more a matter of pattern equipment, f 
and daily production of several analyses, than geographical location 
DEPENDABLE SERVICE for the life of the casting 
DEPENDABLE LOCAL REPRESENTATIVE, established 


vour community with the experience to make 


14 al 


cilities 


and re Spec ted 


his recommendations 
RESPECTED, who is there when you want him 
FINANCIAI RESPONSIBILITY AND DI 

PENDABILITY OF THRE MANUFACTURER 
AND REPRESENTATIVI Phere is one kev to 
REPEAT ORDERS, that kev ts DEPEND 
ABILITY 


NEW SURFACE COMBUSTION 
POT FURNACES 


















































WESTINGHOUSE SPIRAEINK oreo cscs ocr ue 
SPOS ORO PAE AREE EE PURRMBPAG ES tency, “than mony 0 brasebound Admiral 


under orders H ndelle’s log inks with 





the greatest of all tir isa s tl ship her 
Can be made any width to 6 feet T 
; : This design is based on the ex perience 
any length)ro 100 feet 
. of making more cast belt hearths than 
Slots or lik clearance mn keeping i" ' i 
. all competitors combined. 4 . er he tere rdelle 
with size of v@ork Dior ts il Kais ha iu ndell 
rT) mal use m the re enda 
of the ae il Germany Nav is rhe 
og ! st sea-worthy and ipl 2 | ate vacht 
’ ifloat Later, when she served im the 


French Navy during the War his rders t 
the subs were “Sink Hirondelle n shoal 


water, for possible re-flotat I but the 
nearest she came to disaster was whet 
French Commandant found Wilhe s 1 ist 


SPIRALINK ' flag in her att Geotie cen adn 00 
X-ITE CAST LINKS ilico kittens. (I have that flag 


Buik under H. H. Harris Pat. No. 2045-646 





R” ALTY, the elite of international s 
ety } } walked he 


sachems {f science have 
nto vibrant reality 


f Hirondelle as \ , 
f her living log Eve 


holi-stoned decks, inspecting Prince Albert's 
phies of the deep, posting hin ni rope’s 


ntrigue, while his divers plumbed the depths 
speculated romantically 


f the Seven Seas ind booming annon wel 
ed Hirondelle to the ports of the world, ‘he secret stairway 
stateroom to the 
ght utrumn the 
cS IMMANDING admiration spiring 
ixination sinuously graceful vitallw Re 
Kal, Hirondelle grips one; first gently, ther ODERN f tl 
engulfing in that enveloping aura of romance M in her five wat 
that is a part of het A glamor is living double-bottom., t he 
legend of the Seven Seas echoing whispers of liaries, and sixty ca 
yal intrigue tinkling laughter, iffairs I refrigeration and 
damour rustling silks and crackling il from her roval suite 
skins, clinking glasses ld lace n candle dry to her 374 feet 
light, golden Is on silken pillows teak-covered steel i 


Seaworthy from |! 





her twin 1500 horse; 
17 knots, with fuel 
makes her own fresh w 
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WESTINGHOUSE COMPLIMENTS GENERAL ALLOYS | 

a 

No greater compliment could be paid to General Alloys Engineering and X-ite furnace parts than the incorporation f 

of the SPIRALINK CONVEYOR HEARTH in the WESTINGHOUSE ELE«¢ rRIC FURNACI Working with West ; 

inghouse Engineers is a privileg The furnace pictured above has many applications and is ivailable in a wide SS. I 
range of sizes Address Westinghouse Electric and Manufacturing Co.. East Pittsburgh, for further details fA a 

yt . 
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EFFECT OF 





WATER VAPOR 





ON HOT METAL 





| SHOULD LIKE to consider 
the question of water vapor in furnace atmos- 
phere in connection with the problem of retain- 
ing bright surfaces on metal during and after 
heat treatment in furnaces of a type that per- 
mits maintaining the atmosphere independently 
of the source of heat. Such furnaces are the 
nes heated with electrical resistors, or those 
with a muffle or a closed retort, no matter how 
tis heated. 
Generally, when gases used for protective 
itmospheres are discussed, we talk of hydrogen, 
trogen, the carbon oxides CO and CO.,, or 
mixtures of these four, as would be determined 
by ordinary gas analysis. Water vapor, which 
always plays a very important part, is easily 
and all too often completely overlooked. An 
exception to this statement might be the bright 
annealing of copper, where 100°° water vapor 
is used as the atmosphere in the form of super- 
heated steam, the hot copper being cooled by 
q hing in water direct from the steam cham- 
ber. From this specific condition we must 
se the water vapor to fairly low amounts 
ictically all other ferrous and non-ferrous 
i s and alloys. 
ere have been considerable theoretical 
iblished in the last few years concerning 


lilibrium of gases and combinations of 


April, 1937; Page 375 





By A. G. Hotchkiss 
Industrial Heating Engineering Dept. 


General Electric Co., Schenectady 





gases in contact with steel at various tempera- 
tures. These data generally are very theoretical, 
technical, and not readily applied to actual 
furnace atmospheres encountered in practice 
A. L. Marshall, of General Electric Research 
Laboratory, however, substantiated the physico- 
chemical theory with some experiments on low 
carbon steel, and showed that under ideal labo 
ratory conditions the theoretical results hold 
true to a fairly close degree (see Transactions, 
&. July 1934, p. 605). 

Those experiments show that the amount 
of water vapor that can be present without 
blueing steel at any temperature up to 1200° F. 
Action 


below 600° F. is too slow to be a matter of 


is a function of the hydrogen present. 


concern in this respect, and it can be seen, 
therefore, from the curve sheet on the next page 
that a gas containing 95° H, and 5° H,O 
(ratio H,O:H 
tical ordinate a-a’) would not oxidize bright 


0.05, represented by the ver 


steel at any temperature and in that sense 
would be “neutral” to bright steel. As a matter 
of fact, any iron oxide on it would tend to be 
reduced. 

The curve marked “H,O: H ratios for equi 
librium” represents the combinations of these 
two gases that are in equilibrium with iron at 


the respective temperatures, that is, would 








































neither oxidize iron or reduce any oxide which 
happened to be present. Analyses and tempera- 
tures which plot well to the left of this curve 
the 


further away from the equilibrium line; in the 


would reduce scale, the more vigorously 


same way, bright steel would be oxidized under 
conditions plotted below and to the right of this 
curve (neglecting for the time being the effect 
of the CO 


- CO curve). 


actual practice, however, 


thre 


atmospheres may strike some students 


problem as being somewhat too roug 

ready for accuracy. 

is governed by the so-called water gas rr 
CO, + H, = CO H.O 

a very low percentage of mois 

700° F, 

is far below the point where, 


find 


and only 


allowable at, say, This calculate 


in actual pr 


we we can operate doubtless ow 


‘| heoretically, the Sil 





actual atmosphere cannot be 

















regarded as a mixture of pure of 
hydrogen and water vapor, even j 
though the gas is carefully pre- 
pared, for the atmosphere is in 00 
contact with oily steel, alloy 
retorts, various types of brick and par 
insulation, and all of these can ov 
change conditions considerably. 
We should, therefore, work on the 1400 
reducing side of this curve. As- 
sume a gas at 1200° F. with 15° 
H, and 3.7°  H.O (ratio of 0.25). ‘200 
This point plots at b’ and is well 
within the reducing range; how- 
ever, when the temperature drops 1000 
to 975° F., we theoretically cross 
the equilibrium curve and enter 

ae : 800 
the oxidizing range. If the atmos- 
phere consisted only of H, and 
H.O in these proportions, then it 600 2 5 
would appear to be impossible to O 2 0.4 0.6 0.8 1.0 2 


cool below 975° F. without oxida- 


Ratro of Gases tn Mixture 





tion taking place. 


If, however, we have a com- 


plex gas containing also CO and 


Theoretical Equilibrium Relations Between Iron, Hydrogen and Steam 
and Between Iron, CO and CO, at Heat Treating Temperatures 





CO.,, obtained from. the 


partial combustion of hydrocarbon 


such as 
vases and which method is in general use today, 
the 
librium 


The theoretical equi- 

CO and CO the 

opposite slope, crossing that of Fe, H.O and H 
100° F. 

ofe CO, and 10% CO in the above gas along with 


situation changes. 


curve for iron, has 


at about Therefore, if we have, say, 
the hydrogen and H,O, the ratio of the carbon 
gases (0.50, plotted as B’-B) shows it to be quite 
strongly reducing and increasingly so as_ the 
temperature decreases. 

It is possible, therefore, with the complex 
gas to down this critical 
range below 1000° F, 


the reducing effect of the CO,:CO equilibrium 


cool steel through 


without oxidation because 


overcomes the oxidizing effect of the H.O: H, 
combination. 
This explanation of conditions in complex 


the 
The whole pr 
It is, there! 


trial and error method that gives the a 


the various rates at which 


reactions may proceed. 


many p 
involves several unknowns. 


in practice, although theoretical data gis 

the general direction in which to procee: 
We have found that although we co 

with 


the anneal 


burned fuel gases containing 10°¢ H, and 


laboratory, bright 


rated with moisture at 83° F. (containing 
H.O, as shown by the humidity table o 
378), in actual practice this gas is too n 


oxidizing range. To avoid trouble the 


gen should be increased to 15 to 18° 
water vapor decreased to 2.5% (satu 


that reduce the H 


The amount of hy 


70° F.) 


ratio to 0.25 or less. 


or both is, 
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partially burned gas may be increased 


ising the air going to the burner, which 


matically decrease the CO,: CO ratio 


the relative amount of carbon monox- 


s throwing the whole system further on 


ing side of both equilibrium curves. 


Dew 


Points 


night be well to pause here and refresh 


mory about dew points. 


Some figures 


the amount of water vapor that can be 


ir, or any other gases that do not react 


are contained 


lt is easiest explained by 


the table on page 


reference to 


r atmospheres. If the thermometer reads 


the most water vapor it can hold is 11.0 


per cu.ft, or 343% 


by volume. If the 


itture should fall, it would rain, and even 


doesn't rain, ample moisture will condense 


surface of a pitcher of ice water. 


But if 


bserver were somewhere in the dust bowl, 


mperature the 


sane, 


and the relative 


dity were only 10°, then the atmosphere 


contain 0.34° 


; 
ST T 


HO by 


ure would condense on a cold water bot- 


volume and no 


In fact, the air would have to cool to about 


I. before any water 
d condense out as 
if would be Snow 


frost at that low a 


nperature,. 


Or put it another 
if the prepared 

s is saturated with 
ter at 130° F. (con- 
ng 15.2% H.O) and 
s desired to dry the 
ne way would be 
ol it, whereupon 
Cas becomes super- 
ited and = precipi- 
out as liquid 
Cooling water 
requently be had 
ficient volume at 
and this will 
the water vapor 
to 2.44°.. Further 
{ by a commercial 
rant is effective 
to 40° F., 


+} ' : 
ne gas contains 


where- 


1.82 moisture. 
that temperature 


the condensate will freeze on the coils It is 
usually desirable to use refrigeration when the 
condenser water temperature is above 70 to 
7o° F, 


dew points ol 


When “bone dry" gas Is necessary and 
20 to —50° F. are desired, chem 
activated alumina ot 


ical driers employing 


silica gel are used with good results 

Drving can also be done by compression, 
and this is useful in the many cases where it 
becomes advantageous to raise the pressure of 
the prepared gas for storage purpose or case of 
distribution. \aising the pressure of a gas 
“squeezes” out the water vapor The table also 
gives some information as to this Assume a 
gas at normal pressure and saturated at 80° | 
it contains 3.43° water. It is interesting to not 
that this gas compressed to 14 Ib. gage and then 
cooled to 80° F 


of its water and would then contain 1.72 H.O 


would condense out about halt 


This corresponds to saturation at 60° F. Com 


60-lb. ga 


=~ « 


re and re-cooling§ the 


‘ 
> 


pression to 
compressed gas to 80° F. would dry it to the 
equivalent of 32° F. saturation. A gas from a 
high pressure tank at 1000 Ib. would be practi 
cally dry, orsaturated at approximately —26° F 

Resuming now with the effect of this water 


vapor, it is interesting to note that in commet 





Three Bell-Type Electric Furnaces (With Ten Bases) For 
Steel Strip in Plant of Sharon Steel Corp. 


bases at lower right. 


{nnealing Coiled 


Vote small flames at top of two 


where exhaust of protective atmosphere is burning 
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cial heat treating operations, dew points have brought out that various combinations of {hes 














been taken of gases from a batch-type furnace gases far out of equilibrium would etch tee 
chamber indicating a saturation at 95° F. sheet, by its catalytic effect on the ch al 
that is to say, 5.5'¢ H.O. Even if this gas con- reaction 2CO — CO, + C. This caused th, 
tained 15‘. H., the H.O: H, ratio of 0.37 is quite bright surface of cold-rolled steel to tak , 
near the equilibrium curve at annealing tem- matte finish resembling a pickled surf; 
peratures, vet the extreme cases sid- 
steel came out bright . , erable carbo: vas 
a : Water Vapor in Air or Gas - 

from a $0-hr. cooling deposited. 

cycle by virtue of the GAGE (WEIGHT 01 When the 

large amount of CO Dew (Pressure H.O Vapor) Weicut or | H.O Vapor, librium was restored 
in the atmosphere. Point | Eguiva- | Gratns/ | HO Vapor o BY to near theoretical 

ye F, LENT“ Cu.FT. Le./Cu.Fr. VOLUME , 

The effect of time value by additi f Dp] 

: 28 075 0.147 2 0.0367 , 
on the rate of reac- 1079 ak 0.000021 4 water vapor, all etch- 
2 . é 24 915 0.175 0.000025 0.0441 > 
tion of oxidation 20 725 0.217 0.000031 0.0552 ing stopped. A gas 
equilibria is well 16 600 0.266 0.000038 0.0682 composed of 48 
shown in comparing 12 500 0.319 6.000045 0.0817 CO., 10% CO, 19% H 
. ) 400 0.385 0.000055 0.1005 , ’ 
the batch-type fur- a - . remainder N 
é vI , 1 340 0.499 0.000065 0.1199 , rd , 
hace jusl mentioned ) IRD 0.540 0.000077 0.143 dew point ot ) | — 
with the rapid cool- { 235 0.643 0.000092 0.173 (0.18 H.O) caused 
. . . : Qs To ») : . ri . 
ing obtained in the 6 199 0.440 0.000110 0.208 etching. This sam 

’ 12 160 0.910 0.000130 0.248 t] 
continuous = furnace. 16 135 1.080 0.000154 0.279 gas with enoug 
In one instance bright 20) 113 1.275 0.000182 0.353 water vapor added t 
steel parts came from 24 97 1.510 0.000215 0.420 raise the dew point | 

. , 28 76 785 255 0.502 a , . 
a copper brazing fur- 2 ; ae waoweee — 32° F. (0.60 H.0 
32 60 2.10 0.000300 0.597 
ara ‘ . . A f ey 
nace although the 10 13 983 0.000405 0.818 produced perfectly 
atmosphere, which 50 25 1.06 0.000580 1.195 bright steel at 1200°1 tt 
was the product of 60 l4 2.73 0.000820 1.72 and below. The dew 

; ‘ ; 70 5 7.98 0.00114 2.44 . 

partial combustion of . ose pe point could also b 
80 0 11.00 0.00157 3.43 - 
natural gas, con- Qi) 14.85 0.00212 4.72 increased to an) — 
tained approximately 100 19.70 0.00283 6.4 value up to &° | 
15‘. H, and 8.0% HO 110 26.40 0.00377 8.68 with this gas comp / 
(or turation 120 34.50 0.00493 11.55 ti at a wide 
Si *¢ 0 é P : sees : é oO { da 
ple. —- o 130 14.60 0.00637 15.20 a See | 
107° F.), that is, a tion would result a! . 
. ar *“Gas compressed and condensate removed at 80° F. Pr 
ratio of 0.53. : : = . or below annealing J 
bape: ; All measurements based on atmospheric pressure. 

This brings us to temperatures 
the effect on steel at The above ga: ss 
higher temperatures, such as 2100° F. for cop- composition when used at dew points neutra 

. , . . . . | 
per brazing. We note from the curve that a to steel will change the bright surface of Mon 
. - . } th; 
greater amount of water vapor can be tolerated at 1700° F., to a clean but dull gray color, n 
‘ ‘ : , hows wi 
at elevated temperatures and still maintain a when the water vapor is reduced to very 10% . 
reducing condition. Equilibriums between CO.,, values, such as dew points of —25° F. or belov 
. ; : ; : ' . ' lil 
CO, H, and H,O are reached rather rapidly at the bright polished surface remains unaltered 
these temperatures; however, it is such that equaling results obtained by annealing 
considerable water vapor is formed and it is atmosphere of dissociated NH,, which ts 
possible with a gas containing 3.2°> CO,, 11% tically free from water vapor. 
CO, 20% H, and 12% H,O (or saturation at It is a well-known fact that iron oxié 
120° F.) to have a sufficiently reducing atmos- reduced to free iron by hydrogen forms wale! Pi 
. ° ° - 2 ‘ }} 
phere so that the steel is wetted with the copper, vapor in the process. If, for example, ho ) 
although it would be impossible to cool the steel sheet covered with mill scale is ns die 
brazed part in this atmosphere, even at a fairly annealed or normalized in a reducing . t] 
rapid rate, without considerable oxidation of phere containing hydrogen, such as m¢ 
the steel. The copper, however, would remain above, the water vapor would rapidly | st 
bright. to the point where equilibrium wo ; 
Dr. Marshall's experiments have also reached and no more oxide would be ! 
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fore becomes necessary under such con- 
to flush out the water vapor and replace 
d up hydrogen to maintain a reducing 
phere and prevent re-oxidation during the 


cycle. 
Analysis for Water Vapor 


he difliculties encountered in measuring 

iler vapor contained in a gas account, to 

it extent, for the lack of attention given 
mportant constituent in furnace atmos- 
pheres. Considerable effort has been expended 
this line by the General Electric Co. and 
have finally devised a simple “dew meter” 
h gives direct visual indication of the dew 
int. It consists of a small metal box with a 


polished metal mirror set in one side. This is 
visible through a glass window. The gas being 


tested is allowed to flow through the box while 
the mirror is slowly cooled by a jet of cold gas, 
expanding from a cylinder of compressed air or 
carbon dioxide. A thermocouple on the mirror 
permits a direct temperature reading, at the 
instant water condenses upon the mirror. The 
indication is very definite and the reading accu- 
rate. This instrument has been used for dew 
points as low as —60° F. This makes a con- 
venient, practical and portable instrument for 
water vapor determination. 

In conclusion, may I remind you that when 
difficulties arise with furnace atmospheres and 
analyses are being checked, do not forget the 


water vapor. 





CAUSE OF FLAKES 
IN STEEL INGOTS 


By Kotaro Honda and Tokutaro Hirone 


{bstract from Science Reports, December 1936, p. 713 
Tohoku Imperial University 





VTERNAL PRESSURE of hydrogen is the 
cause of flakes, in the opinion of German 
(See Meral 
Procress, July 1935, p. 51, and September 1935, 


nvestigators recently published. 
p. 63.) Experiments show that this pressure 
rapidly increases with falling temperature and 
ches a value greater than the tensile strength 
{ the material. It is, however, to be remarked 
that the theoretical deductions are valid only 
when the gas in a cavity and the gas absorbed in 
metallic walls of that cavity are in equi- 
librium at a given temperature, and do not 
ipply to the case of internal pressure caused by 
Jas atoms or molecules within the iron 
stal lattice. 
Hence in order to investigate the effect of dis- 
S | hydrogen gas on the formation of flakes in 
igots, it is necessary to assume that minute 
‘les are present in steel ingots, into which the 
ed gas is evolved during cooling and causes 
rease of pressure within them, thus resulting 
formation of flakes. Under these circum- 
it is shown by available experimental evi- 
ind mathematical deductions that in the first 
imation, the quantity of the gas dissolved in 


steel does not change by cooling. This is evident, 
because when the volume of a cavity is extremely 
small, the liberation of a very small quantity of the 
gas into the cavity produces a pressure which is 
sufficient to prevent a further liberation of the 
gas into that cavity. It is also deduced that as the 
temperature falls from a certain sufficiently high 
temperature to a very low temperature, the gas 
pressure within such a minute cavity increases at 
first slowly, then very rapidly, and after reaching 
a maximum it diminishes linearly, vanishing at the 
absolute zero of temperature 

These formulas are capable of numerical com- 
putation. On the assumption that a body of steel 
just below its solidification temperature is satu- 
rated with 0.0023°> of hydrogen, the pressure is 
inconsiderable until 500° C. (950° F.) is reached, 
but then rises rapidly to a peak of about 500,000 
psi. at 250° C. (500° F 
to nil at absolute zero. This is for a cavity of 


and then decreases linearly 


0.0135 cu.mm. However, for a spherical cavity ten 
times as large, the internal pressure is at a maxi- 
mum of less than 60,000 psi. From these figures 
it will be seen how great is the effect of the volume 
of the cavity on the pressure within it. The tem- 
perature of maximum pressure coincides with the 
temperature of flake formation as determined by 
interrupted cooling experiments. (See Musatti and 
Reggiori, Metal Progress, July 1936, p. 51. 

In a deep-seated cavity the tangential stress at 
the spherical surface is one half the gas pressure, 
so the stress in small cavities is sufficient to break 
its surface. If the form of the cavity is not spher- 
ical, the value of the tangential stress varies from 
point to point and differs more or less from that 
given above. So, in the case of a flat cavity, the 
tangential or breaking stress should be very large 


J, 


(Continued on page 434) 
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DIAGNOSIS OF 





METAL TROUBLES 





IN INDUSTRY 


Part 1—Forging 
By J. L. Burns and V. Br 


Metallurgical Dept., Republic Ste« 


Chicago District 

















Wir DID IT BREAK” or “Why results 


SURFACE LAPS ON 


The photomicrograph Fig. 1, and shows lapping on a 
at 40 diameters, shows the pickled forging. These laps 
decarburization and oxide occur for the most part at 
stringer resulting from = sur- the fillets on this forging. 
face lapping . Figure 2 Other laps, on chisels, are 
is a macrograph, actual size, shown in Fig. 8, page 382. 
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the trouble may not 


FORGING 


Fig. 2 





be 


corrected 











did it wear out so soon,” are questions which all, or it may be corrected by resorting to n 


al 
ile 


that 


often confront the metallurgist. Upon a correct rials, processes and inspection standards 
answer depends the future success of the part are unnecessarily expensive. 
or structure under consideration. Incorrect Many troubles have so long been recognized 


ill 


diagnosis of the trouble, like incorrect diagnosis and are of such common occurrence that on 
of human ailments, may lead to unfortunate might think they could never happen ag 





ss. these troubles are encountered 
ery day in long established manufac- 
ints and frequently are not recognize d 
We still find heat treated 


at too low a temperature in 


enced men. 
ng drawn 


meet a hardness test on a badly decat 


surface. We often find grinding cracks 
s where it is said that grinding cracks 


ver occurred. And in spite of the fact 
ancestors have been notching materials 
nds for thousands of years in order to 
hem easily, we still find designers and 

shops putting dangerous notches into 
stressed metal products! 

illustrations on these six pages and 
scriptions are intended to show some of 
bles that 


e laboratory of one steel producer, and 


have come to the attention of 
resented with the hope that they may be 
to others who have to deal with similar 
lems, or will enable metallurgists who may 
to such troubles to recognize them and 
the obvious steps to correct them. 
R. S. ARCHER 
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Fig. 3 
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Wrinkling 


reduction, is shown in various stages of the opera 


during forging, caused by 


LUprope 


tion in Fig. 3, below, at one-half actual size 
The photomicrograph above shows the sealed-in 
oxide stringer resembling a seam which results 


from the lapping effect attending this wrinkling 


Magnification 50 diameters: nital etch 


DIE DESIGN 





























SCALE TROUBLES 


Scale, when allowed to be 
hammered into the surface of 
parts during forging, will cause 
pits which are exceedingly 
hard to clean up afterward. If 
permitted to remain on highly 
stressed tools such as chisels, 
cracks will start in the decar- 
burized area attending the pits, 
as shown in Fig. 6 and 7, and 
progress through the tool ulti- 
mately causing complete fail- 
ure. Scale should be kept from 
collecting in dies by some 
method such as an air stream 





wy 





Figure 8 shows laps caused by improp 


die design; they serve as notches 

— . ¢ th 
definitely lower the impact value of © 
steel and thus the useful life of a pa 


ORI Et 


j 
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-URNED SURFACE 
OR 


“CHICKEN WIRE” 


Heating a thin section too rapidly, 
prior to finish forging, burned the sur- 
face with the resultant large network 
f oxide (Fig. 10; magnified 50 diam- 
eters; nital etch) .... . Subsequent 
normalizing refined the austenite 
srain size, as shown in Fig. 11, but the 
enlarged oxide network remained 
(near the surface) giving the “chicken 
wire” appearance on pickling shown 
actual size in the macrograph, Fig. 9 
(difficult to photograph satisfactorily) 
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Fig. 9; Pickled Surface, Full Size 


Fig. 11 (500% 
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SLEUTHING 
WITH A 


MICROSCOPE 


liv. 12 (at right) The surface 
of a part made of 5‘ nickel steel, 
showing a section perpendicu- 
lar to surface which has been 


severely overheated on heating 





for forging. Magnified 100 times. is 
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' met; ® . Ay 
P ) 
oP Ie 3 
4 : ‘ 
‘ ai ‘a wo 
{ee nals 
eat o~ - «> 
“F 
& 
= : a * 
La “~ 4 
‘ 
. 
> “>, 
‘< s . « , 
> > ** . 
° f-~ 
; 7} SEES Rae we 
he abst ae oe Sa 
=<? : 
me So , ; Pon, 
, r 
5. . 
Fig. 13 
Fie. TE (at right) Ordinary 


eXamination would reveal a 
fine heat treated structure 
assumed to be tough. Nital 


etch, magnified 500 diameters. 





Fig. 12 


Fig. 13 (at left) A short dis 
tance in from surface the rem 
nants of coarse forging structure 
may still be seen, which induces 
brittleness. Note the recrystalliza 
tion produced by the subsequent 
heat treatment. This sampk 
was etched 5 min. in 25% alco 
holic HCl, repolished on final 
levigated alumina wheel, and 
then etched in 5‘. nital. (200 «) 
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eX CESSIVE HEATING 


. 15 and 16 are photomicrographs of steel] 
to an excessive temperature. A coarse 
etwork destroved the useful properties 
steel: heat treatment could not rectify 


mage .... Fig. 17 shows the decarburized Heated 
of a small forging heated for excessive Too 
fhis part has been heat treated after Long 
but the surface hardness was far less 
should have been if properly heated or 
tor 0.05 in. of surface had been removed. Fig. 17, 
100% 


\ 
_— , 
big. 15. e 
l netched. Ox 
Heated Too Hot ——_= 






Fig. 16. 
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BEST TESTS FOR 





CORROSION AND 





ELECTROPLATES 





Y 

Lenssen has long been an 
important subject of consideration by the vari- 
ous metal committees of the American Society 
for Testing Materials. In fact this Society 
recently celebrated the twentieth anniversary 
of the first field tests on sheet steel conducted 
by its Committee A-5. It was therefore appro- 
priate that it should hold at this time a 
Symposium on Corrosion Testing, in order to 
take stock of the experience gained from these 
and other investigations and to plan for the 
future. 

The mere listing of the titles and authors 
of the six papers presented at the regional 
conference in Chicago, early in March, shows 
the obvious impossibility of adequately pre- 
senting, much less discussing, these subjects 
in a three-hour evening session. The only way 
in which the large amount of valuable material 
in these papers can be made effective is for the 
members, and especially the chairmen, of the 
numerous committees on corrosion to read them 
critically, and to discuss pertinent points in 
their committee sessions. 

As each of the papers at the meeting on 
corrosion testing was in itself a summary, it is 
difficult to indicate much more than the scope 
in the following brief account. 

A masterly discussion of “The Principles 
of Corrosion Testing,” by W. Borgmann and 
R. B. Mears, emphasized the importance and 
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By William Blun 


Washington, D. ( 





value of perspective in attempting to standard 
ize corrosion studies, including laboratory, field 
and service tests. The authors are especially | 
be commended for condemning accelerated 
tests as a basis for predicting behavior in sery 
ice. If and when such a test is shown to be a 
valid measure of expected service, it becomes | 

effect a “special property test,” which in a giv 

(but usually limited) field may prove valuabl 
A bibliography of 150 papers, which will su 

plement the printed paper, will be very valuabl 
to students in this field. 


Fundamental Principles 


The multiplicity of committees and su! 
committees of the American Society for Testing 
Materials and of other organizations that hav 
planned and conducted atmospheric corros 
tests is so great that it is frequently dill 
to correlate their results. This difficulty | 
increased by the variety of metals, alloys, an 
coatings tested, and ‘the purposes for whi 
they are to be used. In his paper on “Atmos 
pheric Corrosion Testing,” H. S. Rawdon ! 
therefore rendered a great service in bringing 
together the salient features of such tests a 
especially in pointing out the criteria 
should govern decisions on such factors 
size and preparation of the specimens, a! 


installation and inspection. While it is « 








single set of standard conditions will 
e complex requirements, it is equally 
; that much simplification of procedure 
effected without sacrificing essential 
One of his most far-reaching recom- 
tions is that more detailed data should 
ured regarding not only climatic condi- 
but also atmospheric pollution, at the 
here tests are made. 
spite of its many limitations, the salt 
; test is extensively used, especially in 
specifications for metals and protective coat- 
for which, when intelligently interpreted, 


‘ 


prove to be a valuable “special property 

is defined by Borgmann and Mears. No 
; test can be of value, however, unless the 
tions are controlled sufficiently to vield 
ducible results. E. H. Dix and J. J. 


man in their paper on “Salt Spray Testing” 


summarized the variables which may affect the 
sults. (They wrote with special reference to 
esting of aluminum alloys, where the extent 
orrosion is measured by the change in 
sical properties, especially elongation.) — In 
ddition to the design and operation of the box 
| spray equipment, and the control of tem- 
rature, which were fully discussed, more 
sideration might have been given to the 
sth, purity and hydrogen ion concentration 
salt solution, and to the nature of the 

st. Experience in testing coated metals indi- 
s that control of these factors is desirable, if 
to permit more critical study of the varia- 

s above mentioned that are possibly mors 


rtant 


lotal Immersion Tests 


“Alternate 
rsion and Waterline Tests” indicated that 


UD. Kh. Crampton’s paper on 


lests are even more empirical than the 
spray, and that many variables may affect 
sults. Here again, the testing of coated 
Ss may involve closer control of some 
s, such as the humidity during the expo- 
» alr. Instead of having a “humid” 
phere, it may be desirable to contrel the 
humidity throughout the test, for exam- 
60 or 70! 

tal Immersion Testing,” a paper by 
|. McKay and F. L. 


tself to general principles, since the 


LaQue, wisely con- 


must vary widely for different types of 
ind solutions. This paper is essentially 


stical summary of 62 others on corrosion 


tests, and an effort to determine the extent to 
which each factor was defined or controlled 
For example, 15 different units of magnitude 
or ratios were emploved for reporting the extent 
of corrosion! All but three of these represented 
either (a) loss in weight per unit area per unit 
time, or (b) average penetration per unit time 
If the American Society for Testing Materials 
were to adopt for each of these units a standard 
form (expressed possibly in both English and 
metric values), a great simplification and corre 

lation of results would be fostered. 

In their paper on “Soil Corrosion Testing,” 
H. K. Logan, S. P. Ewing, and L. A. Dennison 
summarized their extensive experience on this 
very complex subject, which is so important in 
pipe line operations. As experience has shown 
that the nature of the soi/ is generally a mor 
important factor than the exact composition of 
the metal, some rapid method of testing soils 
and of predicting their effects over long periods 
is highly desirable. The authors describe a 
method in which the current-potential relations 
are determined in a small cell in which the soil 
(with a controlled moisture content) is the 
electrolyte and the electrodes are steel \n 
equation is given for correlating the results of 
this test with the probable maximum depth of 
pit (which is usually the controlling factor in 
pipe line corrosion) to be expected in a given 
period such as 12 years. As the service data 
available are insuflicient to evaluate the relia 
bility of such predictions, the above method ts 
presented at this time for study and not for 
acceptance as a standard. 

Most of the above topics have a direct or 
indirect relation to the value of electroplated 
coatings, a subject upon which the American 
Electroplaters’ Society, the National Bureau of 
Standards and the American Society for Testing 
Materials have cooperated during the past 
several vears The increasing interest in this 
field is illustrated by the attendance of about 
75 persons at each of the two conferences held 


by the Joint Committee and related A. S. T. M 
Sub-Committees 


Electroplating 


Exposure tests of plated metals on steel 
have been conducted at six locations during the 
past five years, and the results were published 
in Bureau of Standards’ Research Papers No 
712, 724, and 867. 


tests are now in progress upon plated coatings 


Similar and very extensive 
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on non-ferrous metals, including copper, brass. 
zine, and zinc-base die castings. 

fhe results of the inspections during th 
first vear showed that the numerical system of 
rating is vielding results which are consistent 
and apparently significant. Especially in indus 
trial locations, the appearance of tarnish films 
has made it dithe ult to observe the nature and 
extent of any actual corrosion. Preliminary 
tests showed that cleaning with mild abrasive 
powders nearly restored the original appeat 
ance and luster of chromium plated surfaces. 
It was also found that the occasional applica- 
tion of a thin film of oil or wax retarded 
corrosion and facilitated removal of the tarnish. 
It was therefore recommended by the confer- 
ence, and subsequently approved by the Joint 
Committee, that in’ the near future’ some 
supplementary tests be started, in which new 
specimens will be cleaned and treated at regular 
intervals, 

Pending the completion of such tests, no 
specific conclusions or recommendations will be 


publishe ad by the committee. 


Colored Photographs of Corroded Metal 


In connection with these exposure tests, 
(. A. Vineent-Daviss exhibited pictures taken 
in color of the specimens at the various loca 
Ihese are a 


tions, ‘reat improvement over 


the usual monochromes, but there is need for 
further study to obtain a satisfactory, objective 
photograph of the bright, chromium plated 
surfaces. Mr. Vincent-Daviss’ results show that 
this method of recording corrosion deserves 
consideration of all agencies that are conducting 
exposure tests or other corrosion tests, where 
the corrosion product is other than white. 

lhe tentative specifications for plating on 
steel, adopted by the American Society for 
lesting Materials and American Electroplaters’ 
Society In) 10, have not been extensively 
applied literally, though they have been fol- 
lowed in principle by many firms. In view of 
this fact, and that some new plated steel 
specimens are included in. the exposure tests 
now In progress, it was recommended that the 
specifications be retained as tentative. It can- 
not be too strongly emphasized that in order 
for active committees to meet the needs of 
industry, their tentative specifications should 
be extensively tried out, and their value and 
limitations reported to the committees. 


As the above and any other corresponding 
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spe cifications for plating involve tests of q 
it was appropriate to devote considerab] 
to this subject. In the discussion, several] 
bers reported favorable results with 


called “L 


for mounting metallographic specimens 


transparent plastic, now 
Various details of methods for st: 

coatings to determine their average thickness 

and dropping tests and jet tests for local 

hess were discussed, and also the "Cl 

method, described last vear in Bure 

Standards’ Research Paper No. 866. 


Magnetic Test for Electroplat« 


A demonstration was then given of 
magnetic method devised by A. Brennet 
National Bureau of Standards for meas 


the thickness of nickel coatings on non-mag 
base metals such as copper, brass, and 
Details of this method will be described 
Bureau’s Journal of Research in the 
future. Preliminary tests in several | 
have shown that this non-destructive n 
may prove quite valuable in routine fa 
inspection of nickel plating on such parts 
plumbing fittings, building hardware and 
mobile hardware. 

Great interest was expressed in the 
operandi and the possibilities of this method 
this conference as well as at other me 
where it has been demonstrated. 

A short discussion of porosity tests, 
accelerated corrosion tests such as the salt sp 
indicated that further study will be require: 
standardize procedures and interpret. res 

The Sub-Committee expects to disti 
exact descriptions of promising methods 
trial and comment. Here again, it is to be 
that a large number of persons will try s 
methods and report their experiences 
M. Phillips, ‘ 


Motors Corp., Research Laboratories, ) 


committee chairman (W, 


Mich.) All too often when persons try 
method, they either find it is satisfacto! 
say nothing, or else they find difficult: 
condemn the method without commun 
their results to those proposing it. Progr 
be made only by cordial cooperation, | 
of societies, but also of individuals. 

Like the proverbial poor, corrosio 
always be with us. Such conferences as 
above mentioned will enable both pré 
and users to control even if not to eli 
corrosion, Whenever the expense Is wal 
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ANNEALING 





PLANT FOR A 





CONTINUOUS MILL 





ibly 


7 
i PURE industrial history will 
the the 
pment and construction of enormous roll- 
lls for the 


ssful operation of these mills has required 


inark present decade by 


production of steel sheets. 


solution of many subsidiary problems, not 


il) 


strip-sheet 


Ss ol 


Steel Co 


of which is an economical method of 


ling an exceedingly large tonnage of cold 


i sheets to meet various « xacting sp cifica 


installation at 
N. Y¥.) of Bethle 


an CACUSC, 


thre 
(Buffalo, 


will therefore 


\ description of 
inna plant 
serve as 


S( ay 


needed, for outlining the whol 


lem of bright annealing sheet steel. 


place of the multiplicity of handlings in 
d stvle hand mill, the modern continuous 


d is strikingly direct. A slab, at correct 


s rolled through a dozen powerful stands 


is, operating at increasing speed, one after 


rin tandem, and so quickly that the long, 
bbon emerges while vet at a red, plastic 
\fter cooling, the scale is pickled off, and 
is passed through three more 
rolls in tandem, and reduced cold to 


per thickness and surface finish. After 


ng and shearing to ordered size, the flat 


are ready for annealing. 
is the A-B-( 
ork will harden and stiffen the soft, low 


of physical metallurgy that 


steel utilized for this product, and also 
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By A. L. Hollinger 
and H. C. Weller 
Surtace Combustion Corp 
Toledo, Oh 





that this cold-rolled sheet can be re-softened by 


annealing at a moderate temperature lhe 
crystalline grains of iron (ferrite) in the hot 


rolled strip are fragmented by cold rolling, and 


these fundamentally disturbed particles readily 


recrvstallize if enough heat is given to increase 
the atomic mobility. A rather complicated rela 
tionship exists between the degree of cold work, 
the annealing temperature, the time at tempera 


ture, and the resulting grain size veneral 


thre 


entire rolling program so that the 


L hie 


steel mill metallurgis s to 


probl m of 
thre 


customers 


adjust 
satistied at thr 
will 


rolling 


will bye 
this 


mito 


demands 
solution 
the cold 
department in order to cut the annealing evele; 
\t any the 


lowest cosl Sometimes put 


relatively more expense 


sometimes thre opposit is true rate, 


surtace 


annealed sheet must pass close Inspes 


lion and perform properly when stamped, 
drawn, welded and finished in the customers’ 
shops This in turn largely depends on grain 
size, uniformity ino microstructure irrespective 


of direction of rolling, and freedom from inte 
hardening 
all these 


indicate that the modern annealing department 


nal strains and from age 
Brief consideration of factors will 

must not only be equipped to handle large ton 

but 


operations so that individual requirements may 


nages of steel, must be able to adjust the 


[his means (1) plenty 


be met with certainty 
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of capacity, (2) accuracy in the heating and 
cooling cycle, and (3) flexibility in being able 


for 


each pile of sheets, if necessary. Finally anneal 


to adjust this time-temperature program 


ing must be done in such a way that the surface 
is protected from scaling. 

Further to emphasize the fact that fime ts 
an essential factor in such an annealing process 
as above defined, we may pause to note another 
that 


One essential difference between 


possible softening operation known as 
normalizing. 
the two is that normalizing involves a heating 
the 


almost 


to above the critical temperature of low 
the 


instantly changes its entire crystallization sys 


carbon steel, whereupon ferrite 
tem and takes the carbide into solid solution, in 
fact 


entity known as austenite. 


becomes an altogether new crystalline 
These microscopic 
austenite crystals also grow with increasing 
temperature, but the average size at any tem 
perature depends more on the early history of 
the 


cold rolling program. 


steel in the refining furnace than on_ the 


On cooling back through 


the critical range, the reverse changes take 
place — that is, the carbide is precipitated and 


the ferrite crystals are re-formed, now free of 
strain, and of a size inherited from the parent 
austenite. These crystallographic changes occut 
so rapidly as to be completed during a furnace 
heating or cooling through the critical range, 
and the time for normalizing in a continuous 
furnace is measured in minutes rather than 
hours for annealing in a batch-tvpe furnace 
Here is not the place to discuss the reasons why 
normalized sheet is not suitable for many deep 
drawing operations required during later fabri 
cation; this paragraph is warranted in order 
to emphasize the fact that the old-fashioned 
“process anneal” at sub-critical temperatures is 
still required, and this operation takes time 
because it involves sluggish atomic movements 


at comparatively moderate temperatures 
Economies of New System 


The up-to-date method of annealing attains 
the old objective much more economically and 
surely by reason of three major improvements 
(a) in handling methods, (>) in heating meth 
In the old 


practice the sheets were piled on a movable 


ods and (c) in atmosphere control. 


base, a rather massive cover lowered and sealed 
around the base (first having placed some cast 
iron chips, charcoal or other carbonaceous sub- 


stance inside), and this load slid into a furnace 


Vetal Progress; Page 390 





and heated by direct impingement of flame Th, 


stout cover acted as a muffle to protect the rk 
the 
contained air prevented the sheets from s 


and reaction between 
In the new practice the sheets are pil 


a permanent base, an inner cover made of 


the carbon ar the 


steel placed over the pile, sealed at bottom ang 


filled with a prepared gas, neutral toward 
or even deoxidizing in nature, and then a heat 


ing unit in the form of a portable furnace cove: 


oO 
's 


the entire assembly. The heat is generated | 


vas flame, but this flame, instead of circulating 


the furnace, is 


inside tubes of heat resisting alloy, heating the 


around inside COl 


freely 


to incandescence so they in turn form radiators 
It is obvious that this arrangement facilitat 
the introduction of a constant supply of pr 
tective gas to the pile of sheets inside the inn: 
cover, reduces the amount of extra material] 
he heated to 


load, economizes greatly in 


a small proportion of the use! 


cost and maint 


nance of protective covers, and gives a fix 
source of heat placed in the most efficient pos 
There app 


to be no limitation to the horizontal dimensio 


tion and under accurate control. 


of the pile of sheets; vertically the pile « 
ft., the 
cause sheets at the bottom of the pile to 


be much higher than 5 else load w 
one to another. 

Accompanying photographs show details 
the complete modern installation made by 5 
face Combustion Corp. at the Lackawa 
plant of Bethlehem Steel Co. 

The 
bay approximately 1000 ft. long by 100 ft. wid 


annealing department occupies 


Forty-four radiant covers, with their bases 


arranged along each side. The side walls r 
up to a high clerestory above the craneway 
provide a row of windows and ventilators 


! 
i 


The bases are in three sizes designed fo 


sheets 75x220 in., 84x186 in. and 990x250 In 
piled 60 in. high. (AIL of the bases and covers 
can also be used for coiled strip.) The we ight 


sheets is therefore approxr 


full load of 
mately 100 tons. 


of a 
It will be noted that these bases are solidly 

° . 1, 
founded on piers and are substantial enough te 
take the heavy loads. Eight pipe connections 


pass up through each foundation, two 10! 


. | n 
entrance of prepared atmosphere, six for tht 


, . . . } 
mocouple leads. The inner cover is a lightly 
braced shell, made of ;°,-in. common steel. Its 
lower edge extends into a sand seal. A s'igh 

Os 


positive pressure is held on the inner 
phere at all times and temperatures; slight ™! 


‘ 























f gas through the sand seal gradually 
space between outer and inner cover 
reby protects the inner cover from all 
wr scaling. 
outer covers are of the horizontal radi- 
tvpe; the tubes are heated with a 
of blast furnace and coke oven gas, 
ing 300 B.t.u. per cu.ft., supplied at a 
e of approximately 20 oz. The mixture 
fully maintained as to content and cal- 
value. 307 B.t.u. being the maximum 
ble 
mn page 392 a cover is shown being low- 
ver a load of sheets; corner guide stakes 
it damage either to inner cover or radiant 
Only one pipe connection is necessary to 
el gas main, the combustion gas being col- 
d in side downtakes which connect to an 
sround flue by appropriate sand _ seals. 
tric power is plugged in to drive the blower 
ombustion air and spent gas eductors. 
Substantially constructed of plate steel, 
ported by H-beam columns with all seams 
oints welded gas tight, this cover is lined 
light weight insulating refractory walls 
sprung arched roof. It is equipped with 
tiers of horizontal U-bend heating ele- 
is. Each of these tubes has the open ends 
ely bolted at openings through the outer 
s, and inside rides freely on brackets, thus 
tting full expansion and contraction. 
(he diffusion flame principle of heating is 


used for supplying heat to the tubes. As will 
be explained later in this article, this method of 
combustion produces a long, luminous flame of 
controlled turbulence and heat liberation, and 
lends itself ideally to the internal firing of tubes 
Most of the heat is generated in the two lower 
tiers of U-tubes. The natural up-sweep in the 
space between inner and outer covers brings 
enough heat to the upper part of the pile so 
that it heats from edge toward center at a sub 
stantially uniform rate. Obviously, it would do 
little good to place heaters either below ot 
above a pile of flat sheets, since the insulating 
effect of the laminated surfaces would effectu 
ally stop heat transmission. 

An eductor at the discharge end of each 
U-tube, powered by an air blower attached to 
the cover, ke eps the tube under a negative pres 
sure and the suction produced at the inlet end 
permits the gas to unite with the required 
amount of air for complete combustion at very 
Che flame thus 


procured proceeds with uniform velocity and is 


low velocity without turbulence. 


complete (negligible CO) toward the dischargs 
end of the tube 

Should a leak occur in a tube during ope 
ation, immediate repair or replacement is not 
necessary. It can be postponed until production 
permits, as the tube while in operation is always 
under a negative pressure, and the protective 
atmosphere can never be polluted by products 


of combustion 





View Across Central Aisle in Annealing Department of Lackawanna Mill. Ranged along the 


wall may be seen part of two rows of 44 bases. 


sheets being piled; pile inside cover cooling to room temperature; two outer covers under fire 


Left to right: Cover placed ready for furnace; 
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In preliminary tests alt 
Seneca Steel Division, Blais 
dell, N. Y.. wherein many runs 
were made with a dozen or 
more thermocouples in selected 
positions in thre pile . the propel 
positions for control couples 
were determined, one in- thr 
pile of sheets quite near a 
lower edge, and a second at the 
center of the pile well within 
the upper portion. (Four other 
couples are also embedded in 
the pile at critical positions, 
and a complete time-tempera 
ture curve made from. cach.) 
As soon as the hot cover is 
lowered in place the tubes are 
fired at maximum rate. Heat 
received by the side of the pil 
by radiation is conducted rap 
idly inward, and while the 
edges of the sheets reach 
annealing temperature first, 
thr center does nol lay lal 
behind. In practice, therefore, 
the thermocouple near th 


edge controls heat Input as 











soon as it reaches correct 
annealing Lenape rature (Say 
1275° F.), and the deeply { Pile of Sheets Is Within Inner Cover and Movabl: 
buried thermocouple _ tells Outer Cover (the Heating U nit) Is Being Lowered in Place 
when the annealing evel 
approaches the end th 
Whole pile then being uniformly heated vears without indications of surface oxi 
Iwo sets of supplementary fuel gas con Since they are subjected to far less abus 
trols are used one controlling the burners on furnace parts, their life should be long 
the two lower tiers and one controlling those on Controlled cooling is an essential s 
the top tier. This method puts heat at a mani correct annealing. It is obvious that tl 
mum rate into the work at the bottom, continu be effected by proper manipulation of t! 
ously; heat is shut off the top tier when th ers. After the gas is shut off the tubes, te 
control reaches the set temperature and the two ture drops very slowly, since the fur 
lower tiers of U-tubes supply all of the heat the excellently insulated. Somewhat mot 
pile of sheets can absorb without overheating cooling may be had by raising the oute! 
the edges few inches and blocking it there. As a 
Phe tubes are made of heat resisting cast rule, the cover is removed promptly and 
ings containing about 25 chromium and 12°, over a cold charge awaiting anneal, a 
nickel. This analysis holds its strength remark inner cover (with its contained pr 
ably well at temperatures up to 21007 F. and, atmosphere) protects the hot pile whil 
when exposed to oxidizing atmospheres, to freely by radiation. Any desired cooli 
sulphur and its oxides, shows no indication of dition may be secured by leaving the 
surface deterioration. It has been proven by cover in place and blowing the correct a 
long use in furnace parts, such as pushers, roll of cold air through the U-tubes (a ce 
ers and convevors. Cast allov radiant tubes method in annealing “black iron” which 
have actually been in operation for nearly three pickled and galvanized). 
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Protective Atmospheres brings the temperature down to about 
100” F. and washes out anv ash; most of the 
s impossible to discuss comprehensively entrapped fog is then cleared by passag 
emical theory of protective atmospheres. through a second tower filled with porous 
itely for process or softening annealing, th: tile. Gas saturated with moisture is’ then 
ms are simplified by the moderate tem cooled to the required temperature (usually 
re of operation, and all actions are so slow about 40° F.) by passing through an ordinary 
peratures below 390° F. that they have no surface condenser, the cooling medium being 
ible effect. It has been found in practice, any of the liquids used in household refrig 
ore, that almost any clean fuel gas, burned erators. Condensed fog is again cleared by a 
nsuflicient supply of air, will protect steel baffle tower, and the prepared gas, now at 
( ‘the annealing operation if it is dried suffi 1°) 6K, and containing only the wate Vapol 
Given a supply of natural gas, as at the representing dew point at that temperature, 
kawanna plant, it may be practically burned is warmed in the heat recuperator first men 
following analysis (dry basis by volume): tioned and enters the gas mains serving thre 

CO. 5 to 6%; CO, 9 to 10°.; H,, 10 to 11%; and annealing department. 
\N.. balance. At all temperatures up to 1300° F. a A word might be said of the hazards of 
mixture of CO, and CO will tend to reduce any handling this DX prepared gas. Since it is 
oxides present on steel (and therefore pro partly burned, it should be less liable to 
tect clean steel from scale) if the proportion by explosion and fire than ordinary fuel gas, and 
\ ne of CO is half again as large in quantity as in fact this is so. Minor leakage around sand 
the CO seals and losses from flushing an empty cove 
Phe hydrogen-to-moisture ratio is a different do not cause toxic effects because the carbon 
Cl Any fuel gas rich in hydrocarbons will monoxide immediately is diluted in the ait 
duce large quantities of hydrogen and water of the very large building, alwavs adequate ly 

on partial combustion, and as pointed out ventilated. 

Mr. Hotchkiss in the leading article in this At the start of an annealing evele, the 
the relative potency of the two gases prepared gas enters the Inner cover (now 
es rapidly as the temperature falls. In fact, containing air) and as the temperature creeps 


1 to 400° FF. which is the lower limit of activ 


the cooling mass, there should be at least 20 








s as much hydrogen as water vapor in the 0 0 0.0. OFT. ne 
; . . 
eclive gas mixture, else the latter will tarnish 0000000028? 
; eceoeeee 0 O® 
steel’s surface eee é a% 
, eooeveeveee®? 
the practical problem is, then, to dry the coeeeeeveeeee@ 
ired gas to the point where it will be innoc eeceeoeeveeeee @ 
ae ee 
‘ ind fortunate ly if it Is cooled to 35 to 10 ] eeeeeeee2ee2e? 
eeeeae@#?e0eee8 @ 
the condensed fog removed, the correct result 





eved 

e view on page 394 shows three of a batters 
gas preparation units, made by Surfac: 
sion Corp., and installed at the Lacka 
sheet mill. Each of these “DN gas 


es” has a capacity of 15,000 cu.ft. of pre 


as per hr. Underneath the large, hori 
combustion chamber are located gas and 
trol, blowers, cooling coils for refrigerant 
ther auxiliaries. The natural gas and air 
is introduced at the rear of the refractory 
el The hot gases go through some jack 


pe, giving up some of the heat to the cold, 





| gas on the wav to the ;: ‘aling ¢ 
~ i anncaine COVES, 
ae Radiant Tubes. at Heat. in Small Cerami 
cl ‘ . . . ‘ "ss ** 
ice Into a towel whi re thes are sprave dl Furnace. Showing t niformity of Temperature 
itered water (Clean water and clean air End to End. Courtesy Ferro Enamel Corp. 


! scarce articles at most steel mills.) This 
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up, gradually combines with the atmospheric 
oxygen. Pressure is raised so considerable gas 
seeps out under the sand seal and enters the 
space between inner and outer covers, also con 
suming oxygen there 


Combustion in Kadiant Tubes 


It will be observed that the radiant tube 
vives the advantages of an electric resistor, as 
regards non-contamination of the furnace 
atmosphere, and with a cost advantage due to 
the fact that a 


vas (even when flue losses are considered) for 


3.t.u. can be had from cheap fuel 


a lower cost than from an electric resistor at 


maximum efficiency. fadiant tubes, as first 





progresses. In a true diffusion-of-flame 


bustion, gas and air are introduced in! 
furnace chamber in parallel layers withou 
tive motion between gas and air which 
and burn between the interfaces of such 
so that combustion propagates at a consta 
throughout an length. (This 
described at length by W. M. Hepburn in 
ProGcress, September 1932.) Therefore, thy 


allocated 


difference between a luminous and a dif 
tvpe flame is the rate of flame propagatio 
method of mixing and the relative moti 


vas and air streams. Luminous flames 


produced with any kind of commercial gas fy 


the rate of heat transfer and the compositi 
the flue gases are the only difference. 











Part of a Battery of Gas Preparation Units Wherein Natural Gas Is Partly 


Burned. Dried and Warmed Ready 


for se as 


Protective {tmosphere 





developed and applied to industrial heating 


operations by Surface Combustion Corp., derive 
their advantages of high thermal efliciency from 
the intensity of controllable radiant heat emis 
sivity of diffusion-of-flame combustion. 

Che relative merits of premix burners and 
luminous flame combustion have been widely 
discussed and a conflict of statements has 
shrouded the facts. If gas and air are thoroughly 
proportions, combustion 


premixed in correct 


occurs instantaneously and the resultant heat 


liberation is chiefly by convection currents near 
the burner ports. If gas and air are not pre- 
mixed, a luminous flame results as the partial 
combustion of the 


or delaved hydrocarbons 


If radiant tubes are to be fired inte! 
the questions arise, “What tvpe of flame ts 
suitable for the ultimate in heat transfe! 
the hot gases to the surrounding tube?” 

what conditions is a diffusion type flame 


»** 


eflicient than a premix flame: 

fo answer these questions correct 
determination of the respective flue gas 
peratures for the two types of combustion 
the same postulated conditions as size ol 
bustion tube, rate of gas input, wall ten 
ture and initial air and gas temperatures ¥ 
necessary. The burner that will give the 
flue gas temperature naturally will be the 
efficient 
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temperature history of a premix type 
ows that a different curve is required 
rate of gas flow. This does not apply 
ision type flame. Its temperature will 
v be lowest as it issues from the burner 
rise to a Maximum as combustion pro 
thin the tube, then fall again from a 
ir the middle to the end of the flame. 
ving the port dimensions, it is possible to 
the heat liberation over either short or 
io flames. 
therefore, a diffusion type flame fires a 
tube under the same postulated condi- 
s the premix flame, the picture of heat 
listribution changes entirely. The reason is the 
heat emissivity from a radiant flame 
since the emissive properties of incandescent 
rbon particles are added to the radiation of 
CO, and H.O gases which are part of any 
type of combustion. 
the energy emitted from those particles 
suspended in the flame has two sources, namely, 
rom the combustion of the surrounding gases 
d from the oxidation of the carbon particle 
tself. We may safely assume that no tempera- 
ture difference exists between the hot gases and 
irbon particle, because the heat transmis- 
sion of the hot gases will be higher than the 
ergy radiated by a single particle of carbon. 
analogous manner, the total radiant energy 
nitted to the tube wall proper will be a direct 
function of the mass of carbon particles set free 
the diffusion-of-flame combustion, and it is 
vident that the flame procured has a higher 
sity than a premix type flame. Radiation 
the carbon particles readily compensates 
rapid decrease in radiation of the CO 
HO gases as the flame traverses the tube, 
¢ in uniform heat emissivity. Since the 
ll heat coeflicient of the flame has thus 
nereased, it further follows that the tem- 
difference between the flame and the 
. ding tube wall will be less than in the 
i premix type burner. 
method of diffusion-of-Name combus- 
th its inherent qualities of a long, highly 


is flame, absence of turbulence. and con- 


ity of heat liberation, lends itself ideally 
nal firing of tubes. The operation of th 
s very simple. In addition to these advan 
eans as described earlier in the article 
n ce velope d whereby the flame itself is 
kept under negative pressure or suction, 
small leak will not contaminate the 


amber 
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MOUNTING AND POLISHING 
OF TIN ALLOYS 


By H. J. Taffs 


fbstracted from Journal, Royal Vicroscopical Soctety. 
Vol. 56, p. 300 (1936 





/ ESIDES difliculties in the polishing and etch 
ing of tin, tinplate and tin alloys for micro 
scopical examination, a special procedure is 
sometimes essential for mounting the specimens, 
for the tin is often present as a thin coating on 
steel, copper or brass, or as a bearing alloy in 
the form of a relatively thin layer on steel or 
bronze, while in soldered joints the tin alloy is 
again present as a film. Although it is usually 
advantageous to copper plate for complete pro 
tection of the edge of the specimen, this does 
not give suflicient bearing surface with which 
to polish; hence the necessity for mounting 
Mounting difficulties are mainly of finding 
a plastic mountant which hardens to something 
near the hardness of the metal under examina 
tion, without the use of heat, and vet ts chem 
ically inert to the etching reagent used. Sealing 
wax and golaz wax may be cast at 290 and 
230° F. respectively, but are so brittle they do 
not protect the specimen when cut with a hack 
saw and are soluble in alcoholic etching rea 
vents. Picein, a soft, black, plastic wax, has the 
same drawbacks, except that it is insoluble in 
alcohol, but it is softened by ether or aceton 
Sulphur may be cast slightly above 233° 1 
its melting point. It is, however, quite britth 
It polishes easily, but tends to form an objec 
tionable film over the polished specimen afte 
polishing, and also after etching 
Spence metal is obtained by mixing tron 
pyrites, sieved through 90 mesh, with flowers of 
sulphur in the proportion of 3:2. The mixturs 
is heated to 360° EF, 


At 265° F., the mixture, previously viscous, sud 


stirred well, and cooled 


denly becomes fluid, when it is cast. It affords 
vood protection when cutting the specimen and 
is satisfactory with most etching and drying 
reagents. It is, however, very hard. 

Wood's metal melts at 155° F.; it is a soft 
alloy and protects the specimens excellently 
when they are being cut, but tends to clog the 


polishing papers, and (Continued on page 1.32 
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BIOGRAPHICAL NOTES OF EMINENT LIVING METALLURGI 





Gustat Waldemar EIlmen 
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| is a magnetic 
hich is not widely used in industry, 
inn thee field 


spensable in what might 


communications where 


it is not made 


d tonnage, nevertheless its discovery 


later development of whole fami- 


ew magnetic alloys well warrants a 


tI 
Lite 


man whose name is inseparably 


d with this branch of knowledge. 


WALDEMAR E_MeN ranks high among the 
and = scientists, 


t living metallurgists 


of inclusion in any album of notables. 
en’s studies in magnetic materials, car- 
the 


beginning, and did not spring from any 


) 


for last 30 vears, had a somewhat 
lar interest he had in this field during his 
Lite He was born near Stockholm, Swe- 

December 22, 1876, and was educated in 


blic schools of Stockholm. In the summer 
S93 he came to the United States to join his 
rin Nebraska, and in the fall of that vear 
d Luther Academy, in Wahoo, Nebraska. 
duating in 1896, he entered the University of 
ska where he 


majored in physics and 


matics; becoming Bachelor of Science in 
"2. he took graduate work in physics, and 

ed his Master of Arts degree in 1904. After 
the 
the Engineering Department of the West- 
1906, sel] 


one Laboratories in 1925, and he has con- 


rs with General Electric Co., he 


Electric Co. in which became 
with this organization ever since. 


Vhen with the General Electric Co. Elmen 

a litthe work on the hysteresis loss in 
steel and, possibly as a result of that, his 
the Western Electric Co. 
certain difficulties that 
dup with the permanent magnets of bell- 

his led to 


of heat treatment 


signment with 


nvestigale had 
work an investigation of 
the 


a realization of the 


on character- 


the magnets, and to 
portance of a specific and accurate tem 
Lhis the 


e of heat voung 


evel early Impression ol 
the 


enter in good stead in later work. 


treatment stood 
quent studies on the iron wire used for 
of loading and repeating coils empha 
mportance of heat treatment, but the 
that silicon steel, which had proved 
lv satisfactory as a core material, was 

tory for loading coils started him on 
Stigation of other posstble magnetic 
These coils, by the way, are generally 
ibles of any length to reduce losses and 
ting effect of the 


unequal losses in 
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various frequencies transmitted The mathe 
matical theory had been worked out, but the 
practical application with available materials 
required the construction of bulky attach 


ments.) 
At this time 


25 to BO 


a nickel-iron allov, containing 


nickel, was used for resistance wire 
the 


Nickel, however, happens to be one of the mag 


such as heating clements in toaster stoves 
netic materials, and this fact, coupled with the 


availability of this particular resistance wire, 


led Dr. Elmen to investigate its magnetic char 
acteristics. He carried his experience in heat 
treatment into these studies, and from the 


particular alloy available obtained initial pet 


meabilities between 1000 and 2000, and while 


these values have since been multiplied many 
times, remember that they were then compared 
to iron, between 100 and 200, aad silicon steel, 
between SOO and 600. 

This was a startling discovery, and entirely 
unexpected to all save perhaps Dr. Elmen him 
self, 


materials over 


who from his close study of magnetic 


a long period of time had con 
from 


ceived certain possibilities that were far 


obvious. Because of its high permeability, this 
heat treated nickel-iron was christened “perm 
alloy.” and was at once proposed for continuous 
Other 


suggested themselves, but the War delaved any 


loading of submarine cables uses also 
thorough investigation of such things 


When the 


take their more 


permitted events to 
lr 


magnet 


armistice 
normal course, Elmen again 
attention to alloys 


the 


turned his entire 


It was nol, however, immediate practical 


application of permalloy that absorbed his 
thoughts. A whole new field of study opened 
up before his imagination. There were an infi 
nite number of possible combinations of tron 


und nickel, and an infinite number of possibl 


heat treatments for each that called for syste 
matic investigation. He could not be at all sure 
that the particular combination of iron and 
nickel that had proved so promising in thes 
pre-War experiments was the best With so 
fertile a field to work in, he readily secured 
funds for more adequate equipment, and thus 


armed, proceeded on a systematic investigation 


As a result of this work, he was able to show 
that the greatest permeability was obtained by 
an allov consisting of 78.5 nickel and 21.5 


iron, which known as 78.5 permalloy has 


since found wide usefulness \ 15’. permalloy 
also was promising for certain applications. H: 
thre 


Chromium particularly se 


also tried adding other metals to allov in 


small amounts med 
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to offer advantages because it gives a high resist- 
ance to the material, and thus tends to reduce 
the eddy-current losses. 
lhe principal magnetic properties of these 
alloys are summarized in the data sheet (page 
It again 
Elmen 


285) of last month’s Merat PRoGREss. 

should be emphasized that before Dr. 
began his studies of nickel-iron alloys in the 
second decade of this century, pure iron was 
thought to be the best magnetic material avail- 
able, and where low hysteresis losses were 
needed and large fluxes at small magnetizing 
forces, efforts were made to secure as pure 
With the discovery of 


permalloy, however, characteristics that were 


an iron as possible. 


undreamed of before became easy of attain- 
ment. With Armeo iron, for example, which 
represents the best grade of commercially pure 
iron obtainable, the maximum permeability is 
below 10,000, while with permalloy, values in 
the neighborhood of 90,000 are readily obtained. 
The hysteresis loss of permalloy over a cycle 
extending to 5000 gausses, is only about a six- 
teenth of that of Armco iron over the same cycle. 
It is when only small magnetizing forces are 
attains its greatest 


involved that) permalloy 


value. The initial permeability of permalloy, 
for example, is of the order of 10,000 while that 
While a mag- 


netizing force of 1.0 oersted is required to 


for Armco iron is about 250. 


produce a flux density of 5000 gausses in iron, a 
force of less than 0.1 oersted will produce the 
same flux density in permalloy,. 

It is for such reasons that permalloy and its 
allied alloys are of particular importance in the 
communication field, where because of the small 
currents commonly employed, the magnetizing 
forces are low. It is permalloy that was pri- 
marily responsible for increasing the speed of 
transmission over submarine telegraph cables to 
about four times its former value, and for reduc- 
ing loading coils to one-third their former size. 

It is permalloy again that has permitted 
the redesign of relays and many other pieces of 
telephone apparatus to secure much smaller 
size and more satisfactory characteristics. These 
useful and practical applications, invaluable as 
they have proved to the communications indus- 
try both technically and economically, do not 
alone truly gage the importance of Elmen’s 
discovery, for it unexpectedly gave access to 
entirely new groups of magnetic materials. 

For when the iron-nickel binary system was 
reasonably well understood, the work had only 


begun! There are three magnetic metals iron, 





nickel, and cobalt. Since alloys of nicke! g 
iron had proved so advantageous, it w 
unlikely that alloys of iron and cobalt, of 


and nickel, or ternary compounds of al] 


would prove of equal or greater valuc¢ T} 


work was therefore repeated for iron and cobal 


and for cobalt and nickel. The latte: 
proved of little immediate interest, but tl 


cobalt series gave alloys in the mid-ran, 
permeabilities uy 


maintained their high 
higher flux densities than any other ma 


material, the maximum occurring at an indu 


tion of about 12,000 gausses. Because of th 
enduring permeability, the alloys in this gr 
were called permendurs. 

With the three 
nations explored, there remained the m 
extensive field of ternary alloys. Some indi 
tion of the regions more likely to be favoral 


possible binary com! 


was obtained from the behavior of the binar 


alloys, and systematic study revealed a larg 


group of promising alloys which were called 


perminvars 


constancy, or lack or variability, of the perm 


ability at low flux densities. For these all 


} 


also, the effect of adding small amounts of oth: 


metals such as chromium and molybdenum |! 
to be studied, and also, of course, the effect 


various forms of heat treatment. 


the name arising because of 1! 


As a result of this vast and fundamenta 


work, there is now available a whole family 
new magnetic alloys, not alloys with charac! 
istics somewhat better than those of prev: 
alloys, but alloys with characteristics so diff 
ent as to constitute distinctly different g¢ 

Moreover they have characteristics and com! 


nations of characteristics the existence of \ 
had been entirely unsuspected when Dr. Elm 


began his work. His is one of those rare 
lects that is able to see important signifi 
in small incidents which are generally ignor 
and he persevered in his studies until ger 
significances became obvious facts and tooh 
recognized place among scientific pheno! 

The importance of this work has been ¢ 
erally recognized. Gustaf Waldemar Elm: 
awarded the John Scott medal by the ‘ 
Philadelphia in 1927 and the Elliott Cress 
Medal by the Franklin Institute in 1928. [n! 
the honorary degree of Doctor of Engi 


\W 


; 
\ 


was conferred upon him by the Univers 
of Nebraska. He is still actively eng: 
Research Physicist at Bell Telephone I 
tories in New York City and is continuins 
studies of magnetic materials. 
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A NEW TEST 





FOR RELATIVE 





SLIDING WEAR 





1 
jo PROBLEM of determining 
the relative wear resistance of metals is prob- 
ibly one of the most difficult tasks confronting 
he engineer today. Many attempts have been 
made to devise a test in which the wear resist- 
int properties of metals could be determined. 
ihe principal difficulty has been in knowing 
what variables are of importance. Hence, great 
ire must be exercised when designing or 
selecting a machine for wear testing in order to 
simulate the conditions of service. 
lhe present authors designed and built a 
machine in which conditions of sliding wear 
ere reproduced and which gave results com- 
ensurate with actual field tests. Tests made 
this machine, which was described by the 
author in Mera Progress last month 
(page 281), require considerable time and spe- 
il specimens. Since one object of a labora- 
lest is to obtain comparative results in as 
s a period of time as possible under con- 
d conditions, it was the authors’ next 
to find an accelerated test by which the 
ince of materials to sliding wear could be 
ined and correlated with service condi- 
lt is the intent of this paper to indicate 
thod whereby this objective might be 
d and to show some of the preliminary 
ilready secured. 


‘ Shown by the article last month, the tests 





By Donald S. Clark 
and Robert B. Freeman 
Dept. of Mechanical Engineering 
California Institute of Technology 
Pasadena, California 





on our special wear testing machine indicated 
that in most cases wear took place by the 
scratching of one material on another which 
sometimes formed a series of grooves in the 
direction of motion. A study of these conditions 
indicated that rapid test results might be 
obtained by observing the action of a hard 
point in scratching the surface of the materials. 
This at once brings to mind scratch hardness 
methods which have been devised by many 
investigators, notably the microcharacter of 
Bierbaum; however, the present authors and 
others have found that scratch hardness has not 
been correlated with wear. 

In considering the mechanism of wear, it Is 
apparent that energy is absorbed in friction, in 
the deformation, and finally in the removal of 
material from the specimen. It therefore seems 
reasonable that any test that may be devised to 
determine the energy absorbed in the process 
of wear will give correlative data. Thus, if a 
diamond point, ground to the proper dimen- 
sions and loaded with the proper weight, b« 
drawn over a polished specimen at a very low 
velocity thereby cutting and removing material 
from the surface, a force will be necessary to 
move the diamond and can be measured with 
the proper instruments. Knowing the shape of 
the point, the width of scratch and the force 


exerted, the energy necessary to remove a unit 
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lorce Required to Remove Measured Amount of Metal ECR 
in Scratch Is Estimated From Current Induced in Coil oh ae —s 
J a 
Bo by Movement of Armature Attached to Flexible Beam 
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volume of the material by this method can be 
computed. 
Investigations on scratch hardness have 


most satis 


the 


The diagonal is 


shown the corner of a cube to be 


factory cutting point. main 
tained perpendicular to the surface being cut, 
the the 


the leading edge of the cutting point. If 


faces forms 
the 


point is maintained in this manner, it can be 


and intersection of two of 


shown mathematically that the depth of cut is 
proportional to the width, and the cross sec- 
tional area is proportional to the square of thy 
width. The volume of material removed is the 
product of the area and the length of travel. 
the work required to produce the scratch is the 
product of the force necessary to move the dia- 
mond and the distance through which it moves, 
and the work per unit volume is proportional 
to the force divided by the square of the scratch 
width expressed in symbols, E =f: w°, where 
Eis the energy required to scratch per unit 
volume of material, f is the force required to 
produce the scratch, and w is the width of the 
scratch produced by the diamond point. 

In the thre 


present authors, the specimen was prepared as 


investigation carried out by 


for metallographic examination and mounted 
on a holder which was freely supported on the 


carriage of a lathe. Two views are shown of 


the actual machine together with a schematic 





Tail kind: 
{ngle on Opposite Page 


Equipment Viewed From Stock 


} iewed From Another 
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diagram to show more clearly the elect: 


circuit. (The latter is reproduced from Mi 


Procress for last September, where a_ bri 


account of this development was given 
letter to the Editor.) 


in a holder which is freely supported « 


The specimen is clamp 
carriage © by hanging it with four wires 
an overhead plate, which in turn is s« 
rhe d 


mond J) is elastically fastened to a fulet 


fastened to the carriage of the lathe. 


the tail stock of the lathe by a piece of s 


brass. The specimen holder is con! 
by means of a link E to a beam F wil 
fastened to the armature of the magnet 
the armature of the coil is elastically held s 


that the deflection is proportional to the 
required to move it. Any deflection of the 
the 


which is measured on the multimeter. 


ture Induces a current in auxiliar\ 


In operation, the specimen is moved 


the diamond constant rat 


scratching force exerted by the diamond 


point at a 


to move the specimen with respect to tl 
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ch is also car- 


ich is fastened 


circuit, can be 


The circuit 


d to scratch with 


h is then meas- 


meter. The energy 


Curves Showing Energy tersus Load 
Depth of Scratch) Run About Parallel 
for Stellite and Nitrided Nitralloy 





nitrided nitrallov were rubbed 
against each other, the loss of 
weight was 34 10°g. ine ft. 
while the stellite vs. stellit 
showed a loss of weight of 45.5 
7 10 *g. ine ft., both tests under 
a load of 300 psi. and a sliding 

velocity of 786 ft. per min 
ihe curves shown herewith 
indicate that the two materials 
the 


° remain in approximately 
same relative position as_ the 
load increases. Another mat 


’ rial would not necessarily give 
; a curve parallel to those shown, 

oleHies because the increase in energy 
for a given increase in load may 


ilated as outlined 











20 2s not be the same for different 
b7rams materials. 





ss as determined 
for different 
m the diamond point. 
s loads were used in determining the 
required to scratch, The energy was then 
las a function of the load and the results 
eral metals compared. Those requiring 
itest energy for removal of a unit volume 
terial should show resistance to 
work accomplished up to the present 
preliminary. 
requires some 
However, the results of prelimi- 
two materials are included here 
that they will be 


pS induce Sore 


the purpose of comparison, a piece of 
ind another of nitrided nitralloy were 
Results obtained from the scratch test 
in the curves, which indicate that the 
julres more energy to remove unit vol- 
From this we may conclude 
conditions 


satisfactory. 


is found to exist. When two pieces of 
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In conclusion, the method 
described in this paper differs 
from the work of previous investigators in that 
the force required to produce a_ scratch ts 
employed in conjunction with the width of 
scratch made by a diamond of known dimen 
sions. Heretofore investigators have attempted 
to make some correlation between the width of 
scratch and the results of wear tests without 
success. Our preliminary tests have indicated 
that the energy method may give results which 
are correlative with the wear resistance, and it 
is our hope that this paper may bring about 


some discussion and further investigation, 














Valve Rocker Arms and Silencer Mechanism on 


Cadillac Engine: Photographed by Anton Bruehl 











APPRAISING A 





STEEL FOR A 





GIVEN DUTY 





§ A PAIR of articles in the Feb- 
ruary and March issues the properties of plain 
carbon steels which interfered with wider use 
in important machine parts, were contrasted 
with the corresponding properties of alloy 
steels. In view of the facts that numerous alloy 
steels are in use for the same automotive part 

a situation which involves needless expense 
ind that new alloys are continually being 
promoted, it will be well to conclude with a 
discussion of the methods which we have found 
useful in appraising the utility of the commonly 
used steels for this or that part, and the types 
of information we would like (but can get with 
difficulty, if at all) concerning new steels pro- 

posed as substitutes. 
if we were given the job of substituting 


heaper or better steels for those now being 


Need f{ 


4 


r automobile parts, how would we de- 


tor 
ry 


ne whether the proposed steels would be 


‘ 


salistactory for the part? If there were only 
teel to investigate, the obvious course 
be to make some of the parts in question 
ie new steel, put them in cars and test 
(his procedure is expensive and some- 
the money is not forthcoming, unless 
s some evidence indicating that the pro- 
steel has a good chance of giving a satis- 


iccount of itself. If there are several 





By A. L. Boegehold 
Head, Metallurgical Dept 
Research Laboratories Section 
General Motors Corp 





steels to investigate, then the cost of testing in 
cars becomes excessive. 

The next best course is to make car parts 
from the new steel and build a testing machine 
to test these parts under conditions as neat 
service as possible. This is a fairly reliable 
procedure and good results can be obtained. 
For parts like gears where each new steel and 
heat treatment produces a different change in 
shape during heat treatment, the results are ob- 
tained very slowly. Many experiments must 
first be performed with each steel to find the 
shape to which the gear teeth must be machined 
so that after each proposed heat treatment they 
are near enough the shape of teeth on the other 
gears in the test for comparable tooth loading. 

On account of the difficulties, expense and 
slowness of obtaining the desired information 
by means of tests on actual parts, many at- 
tempts have been made to interpret the me 
chanical tests on various kinds of specimens. 
There have even been attempts to use simply 
the tensile test for this purpose. Of course, the 
tensile test is valuable for investigating the uni- 
formity of steel from heat to heat, and the speci- 
fication of a “merit index” consisting of the 
product of the tensile strength and the reduction 
of area is a satisfactory way for insuring a unl 


form quality of consecutive shipments of steel 
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used in production. Other merit indexes have 
been suggested in the past, such as elastic limit 
times elongation, tensile strength times Izod 
impact, and a figure derived from the following 
formula: 1% (tensile strength elastic limit) 

elongation (100 reduction of area). A 
steel which has already been tested and proved 
satisfactory in some car part may be gaged by 
some merit index, like those just mentioned, 
and as long as succeeding shipments of the same 
specification of steel meet the merit index re- 
quirement, it can reasonably be expected to re- 
spond normally to processing treatments and to 
function satisfactorily in service. 

It does not follow, however, that some 
other steel having just as high a merit index 
will be suitable for the same part, or that a 
steel with a higher index will have a longer life 
in that part. The reason for this is that the 
stresses in a tensile test specimen are not simi- 
lar to the stresses in a single important part of 
an automobile. Furthermore, the merit index 
obtained by means of a tensile test is expressed 
in values that are a function of a type of fail- 
ure which does not occur when automobile 
parts fail (excepting when the car hits a tele- 
vraph pole). The tensile test specimen does 
not break until it has elongated and become 
smaller in diameter at one point. Broken car 
parts, on the other hand, almost invariably 


show no elongation or reduction of area. 


Strength at Notches 


One variety of this kind of fracture is fa- 
tigue failure, caused by a large number of 
stress applications above the endurance limit 
but below the elastic limit. Being below the 
elastic limit there is no apparent flow of metal. 
Another variety of fracture results from =a 


breaking stress applied at a notch, and frac- 


ture through a notch or groove will also occur 


without any manifestation of ductility. In or- 
der to make a ductile material break without 
any apparent ductility, all that is necessary is 
to machine a groove around it. Two tensile 
test specimens machined from the same bar of 
steel with the same diameter of 0.505 in. at the 
smallest point, the one having a 2-in. length 
of this diameter and the other having a diam- 
eter of 0.505 in. at the bottom of a notch ma- 
chined around a larger bar, will break entirely 
unlike each other. The notched one will show 
2) to 50°. higher strength than the other, de- 
pending on the steel and the shape of the notch. 
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Round Test Bars for Determining the Effect of ¥Vari- 


ous Types of Notches on the Endurance of Gear Steels 





This does not mean that the metal is 
stronger; what it does indicate is that the cal 
lation of tensile strength is arbitrary and n 
be misleading unless intelligently interpreted 
When a tensile test specimen necks d 
the area at the reduced diameter may be 
1) or 50% of the original area of the tes 
While in this necked down condition, th 
machine registers the load from which 
culate the tensile strength. But instead o! 


culating the tensile strength using the area 
reduced diameter present at the time the 
mum load was recorded, it is calculated 
original area of the test section. This 
rather illogical to me. When the specimen 
above with an artificial notch or neck is tes! 
tension there is no reduction of area at th 
the maximum load is recorded; thereto! 
maximum load is much higher since il 
ported by an area considerably great 
that present at failure of the standard sp: 
which necks down. This higher load, w! 
culated to unit stress on the same area as 


standard test specimen, gives a higher q 
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es Belou 
lard Rotating Beam Test Pieces, Spiral Bevel Gears Taken From 
luction. and Notched Test Pieces Sketched at Left. S.A. 2315 


Represent the Relationship Between Endurance of 


have been investigating various meth 


ods for testing carburized and hard 


ened steels in an attempt to find a test 


pieces were carburized 8 hr. at 1650° F., 


oil quenched from 


that would indicate the best material 





























wrizing heat, reheated to 1330° F., oil quenched, drawn at 300° F. and heat treatment for rear axle ring 
FE. 2330 pieces were carburized 4 hr. at 1650° F., oil quenched gears and pinions, fests have been 
carburizing, reheated to 1375° F., oil quenched, drawn at 300 made on square trans 
verse test bars of vari 

ous sizes, plain rotating 

beam fatigue specimens, 

several different types 

of notched rotating 

beam fatigue test speci 

mens all at room 

temperature and = fi 

nally a notched rotating 

beam test specimen at 

250° F. So far an en 

tirely satisfactory corre- 

lation with service re 

sults or with rear axle 

dynamometer results 

has not and possibly 

will not be obtained be- 

} Lat » cause of the distortion 

> which occurs in gear 

: - teeth during heat treat- 

. 0° la” 0 10° 10" oll (ona ioe ) ot which localizes 


(, ral . QP ~ )- 
Cycles to Break 





than 


specimen, 


obtained with the standard tensile test 


It would seem that this higher figure would 


when 


more nearly represent the ultimate strength of the 
material, If the tensile strength of the standard ten- 


sile specimen were calculated using the reduced area 


it the necked down section, the tensile strength would 


interesting 


information 


ment, 
the loads. 

In the meantime we 
lot of 


various 


have obtained a 


on how 


notches reduce fatigue life and how tem- 


perature still further reduces it 


Notes on 


some of this work were presented to the 





much higher than with the conventional method 


nd this figure would be higher than the one obtained 


~ 


steel and its heat treatment. 


using the notched specimen, partially due to the 


rdening and strengthening of the metal at the re- 


ed diameter where some cold working takes place. 


ending 
d. Therefore it is very dif- 


it to design a test speci- 


sses that occur in the par- 
lar part in question. 


Chis difference in test results from differently 


iped specimens may also be influenced by the kind 


Stress concentration 
es depending upon the size and shape of the notch; 
the same notch it varies 

the 


upon steel 





Endurance of Gear Steels, 


Notched Specimens, Loaded 


that will simulate the 


Above the Fatigue Limit Is 
Reduced 90% Merely by 
Running Them in Common 


At the General Motors Lubricating Oil at 250° F. 











arch Laboratory we 
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&S convention in Cleveland last fall by the pres 
ent writer. The first drawing on page 404 (taken 
from that paper) shows the types of specimens 
used and the curve sheet on page 405 compares 
the endurance of plain rotating beam fatigue 
test bars with these other bars. 

On account of space limitations the results 
on only two grades of 314°% nickel steel, carbu 
rized, can be presented. Taking as a criterion 
the stress at which failure occurs in 800,000 ap 
plications, the curves for S.A.E. 2330 show that 
the plain test bar will stand up under 177,000 
psi., whereas the same steel in the same condi- 
tion except that it has a No. 4 notch will only 
withstand 52,000 psi. The effect of stress con- 
centration is to divide the safe load by 34. The 
corresponding figures taken from the stress 
cycle curves for S.A.E. 2315 (left of the pair on 
page 405) are 117,000, 45,000 and 2.6 respectively. 
It will be noted that the strength of these two 
steels, essentially alike except for carbon con 
tent, is affected differently by the same notch. 
The endurance of the higher carbon 2330 steel 
after carburizing and heat treating is decreased 
a great deal more by notches than is the 2315 
steel in the same condition. 

Various heat treatments also have their ef- 
fect. The stress-cvcle curves for S.A.E. 2315 are 
for a quench from the pot, a second quench from 
1350° F., and a 300° draw; 
effect of stress concentration at No. 4 notch is 


as above noted the 


2.60. If this same carburized steel is tra: 
ferred from the carburizing pot to a f 
nace at 1375° F. until it cools at that te: 
perature, then quenched in oil and dray 
at 300° F., the stress concentration 
No. 4 notch is not 2.60 but 2.47. Likew 
if the test bars are quenched from | 
pot and drawn at 300° F., the stress 
centration at No. 4 notch jumps up to 2.7 
The last set of three curves (bottor 
of preceding page) shows the effect of 
notches. Heat treatment of the specime 
was as follows: The nickel-molybdenu 
steel S.A.E. 4615 was carburized 9 hr. 
1675°:«CO#F~C, 
heat in oil at 100° F., 
at 300° F. The nickel-chromium §stee! 
S.A.E. 3115 and the chromium-molybd: 
num steel S.A.E. 4115 were heat treated 
by the above program except that ca 


quenched from the carburizing 
and drawn 30 mip 


burization was 8 hr. instead of 9 hr. 

The upper curve in each of the thre: 
pairs represents the endurance of th 
material tested at room temperature, using 

a notched rotating beam specimen, while th 
lower curve gives the endurance of the same 
material run at a temperature of 250° F. in cor 
tact with lubricating oil. 

The decrease in fatigue endurance limit is 
in the neighborhood of only about 8%, but al 
stresses above the endurance limit (which a 
what we have to consider in determining the 
life of rear axle gears) the number of stress 
applications at a given stress that can be e: 
dured without failure when tested at 250° F. is 
only about one-tenth that which is obtained | 


when tested at room temperature! 


Required Data on New Steels 
With a realization of how many factors 
influence the application of steel to the aul 
mobile, I will conclude by offering a list of th 
various classes of information we desire ab 
the steels we now have, and about the steels 
we want developed to render the same sery 
but at a lower cost: 
1. Endurance tests to determine the eff: 
of section size in connection with diffe! 
shaped notches. . 
2. Critical quenching speeds of all steels . 
depth hardening ability in any size section . 
3. Method for gaging the tendency to 
tortion. 
1. Machinability at various hardnesses 
, 
» 
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without increasing 
power costs 


@ This sturdy Nickel Alloy Steel 
ore carrier, weighing 12,000 Ibs. un- 
loaded, has replaced al carbon steel 
skip weighing 15,000 Ibs. The sav 
ing of 3000 Ibs. in dead-weight has 
been translated into greater pay 
load capacity, raising the hoisting 
capacity from 19,000 Ibs. to 22.000 


Ibs. without increasing power costs. 






The high strength-weight ratio of a 


the Nickel Alloy Steels, combined with their unusual tough- 


ness, make it possible to increase the capacity of haulage 





equipment of many Iv pes without increasing weight 





@ The side frames and 


castings of this hop] I 


— . ii : ” gl : 
Sy _— = 
_ — - 


Ce, 


truck were made of 
Steel, effecting a savin 
in the weight of truch 
out decrease in the 1 





properties of streng 
toughness. Our engin¢ 


i. 
~ * be glad to consult w 
: 


and to suggest how th 
Alloy Steels will s 


money, 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. '. 
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GRAPHITIC STEEL 





FOR TOOLS & DIES 





| 

Faeep FOR MATERIAL com- 
bining the advantages of cast iron and steel has 
long been apparent. Gray cast iron is noted for 
high resistance to wear and good frictional 
properties as well as its relative ease of machin- 
ing. These advantages may be traced in a large 
degree to the presence of free graphite in this 
material. Further, it is the opinion of many 
metallurgists that cast iron possesses inherent 
damping properties superior to steel. However, 
the uniformity of steel, the ease with which it 
may be worked either hot or cold, its ready 
response to heat treatment and good physical 
properties, as compared to cast iron, have com- 
bined to increase and extend its application. 


Much study and experimental work has 


devoted to the development of a material 


combining the free machining and resistance to 


wear of cast iron with the response to heat 
treatment and forgeability of steel. Graphitic 
st Which is a high carbon steel in which part 
of the carbon is present in the form of graphite, 
apparently possesses these qualifications to a 
I d degree. 


\s is the case in gray cast iron, the silicon 
of graphitic steel is the controlling 

n the precipitation of free graphite. This 

is been well established in the production 

y cast iron and today silicon is the ele- 


nost commonly used to control graphiti- 
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By F.R. Bonte and Martin Fleischmann 
Steel and Tube Division 
The Timken Roller Bearing Co 
Canton, Ohio 





zation. However, in the production of graphitic 
steel, the silicon content must be held within 
definite limits. 

The lower limit may be defined as that 
point at which the graphitizing effect of silicon 
is so weak as to require the use of excessively 
high annealing temperatures. This is clearly 
shown in the first graph, which indicates that 


the use of less than 0.50 silicon would neces 





Graph itic 
Steel at 
100 Dia. 







innealed at 1750 
H ater quene hed 








sitate annealing temperatures considerably 
above those commercially and economically 
practical. Where carbide forming elements 
such as manganese and chromium are present, 
more silicon must naturally be added to the 
alloy steel to counteract their effect and insure 
precipitation of sufficient graphite. 
The upper silicon limit may 





this new material “Graph-sil” from 1750 FP 


1S 


shown in the second micro, which clearly show, 
the free graphite surrounded by ferrite and th. 
lamellar pearlite typical of a simple stee! whic) 
has been cooled slowly from a relatively high 
temperature. 
This accords with the established equatioy 
Fe.C = 3 Fe + ¢ 





be considered as the point at 


The cementite breaks 








' on 
which this element forms exces- ae 
sive graphite in the ingot, caus- 2000 ¥ 
ing difficulty in hot working. In 
either case, ingot size and strip- 
ping temperature play an 1900 F 
important part in the successful 
production of graphitic steel, for 
heat treatment will not restore eae | 
forgeability to the steel if an 
excessive amount of free graph- 1400 
ite has once been precipitated. 

As now produced by the 
Steel and Tube Division of Tim- 1200 } 
ken Roller Bearing Co., approxi- 





down into ferrite and 
free graphite. Chemica] 
determination of th 
combined carbon shows 
that such fully annealed 
graphitic steel is of 
hypo-eutectoid compo 
sition — combined ear- 
bon always less than 
0.90°°. 

graphite 


The degree of 
precipitation 
is controlled in a large 





measure by the anneal- 
ing treatment and it 








mately 1° of silicon is being Oo 
used in the production of 


Per Cent Srifcon 


1.0 5 2.0 must be remembered 


that once the graphit 





the graphitic steel known as 
“Graph-sil,” which corresponds 
in use to the water hardening 
grade of die or tool steel. No 
difliculty is experienced in roll- 


ing or forging this type of steel, 


As Amount of Silicon Decreases the 
Temperature at Which Graphite Starts 
to Precipitate Increases Sharply. After 
Charpy and Grenet. The steel under 
experimentation had moderate amount 
of carbide formers (0.30% manganese) 


has been precipitated 
the graphitic areas or 
pockets are established 
permanently. Even 
though the free graph- 
ite is later re-dissolved 
from these areas or 





and it has been rolled elsewhere 
in strip form. The first micro 

(page 411) shows this material as rolled. It is 
a hyper-eutectoid steel composed of pearlite 
and free cementite with the possible appear- 
ance of small amounts of finely divided free 
graphite. 

The carbide phase is unstable because of 
the high silicon content of the steel and conse- 
quently may be easily changed by heat treat- 
ment. The table of physical properties on page 
112 shows the different effects of air cooling and 
furnace cooling on the amount of combined 
carbon in the structure. Combined carbon 
decreases from about 0.60% to as low as 0.25°% 
with an increase in temperature when the steel 
is furnace cooled. On the other hand it increases 
slightly if the material is air cooled (from about 
0.65 to 0.75°% as the annealing temperature goes 
up from 1400 to 1700° F.). The time at heat 
after the samples had reached a uniform tem- 
perature apparently does not change the com- 
bined carbon to an appreciable extent. 

The structural effect of full annealing of 


microscopic pockets, 

voids remain in the finished product, serving as 
retainers for lubricant and thus functioning to 
prevent scoring and excessive wear in servic 
Normalizing this fully annealed material 
from 1550° F. 
the equation Fe,C = 3 Fe 
The structure developed by normalizing a piece 
of fully annealed graphitic steel is shown in the 
third micro. It will be noted that the combined 


carbon in the body of the steel has been 


re-dissolves part of the graphite, 
» being reversibl 


increased to approximately the eutectoid value 
(analysis shows 0.90% combined carbon) and 
that the structure is very similar to thal of @ 
normalized eutectoid tool steel, having a dense 
pearlitic grain, except that it contains more 0 


te on 


less free graphite. It is interesting to not 
low magnification of a larger field that the num 
ber and size of the graphitic areas or pockels 
has not been changed substantially, even t!ough 
the combined carbon is more than tw as 
great as when in the fully annealed conc:tion 


This can be explained by the logical assu 
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Rolled Bar, Annealed at 1750° F., Furnace Cooled. 


Combined Carbon (C.C.) 0.38% 8 


Graphite 1.10% 


innealed Bar, After Normalizing From 1550° F. 


Combined Carbon CS 0.90%, 


Graphite 0.58% 





. 


yO 





that the dark areas are either partially empty or are 
complete voids. 

When annealed “Graph-sil” is normalized and 
again annealed at 1400° F. the combined carbon is 
slightly reduced, as compared with a normalized 
sample, but the pearlite typical of the normalized 
condition has been spheroidized to the degree com 
monly associated with good machining qualities 
The fourth micro illustrates this structure 
Again the typical voids will be noted, apparently 
unchanged as to number and average size. Experi 
ence indicates that graphitic steel in this condition 
machines in much the same manner as does gray 
iron, which effects a saving in machining time of 
approximately 50% as compared with other wate 
hardening or oil hardening tool steels. 

Quenching graphitic steel from above the carbon 
change point after the graphite has been precipitated 
develops a martensitic structure, retaining the char- 
acteristic voids established by the graphite, the 
material reacting in a manner similar to that exhib 
ited by a eutectoid tool steel. The fifth micro is a 
typical structure so obtained by quenching in water 
from 1450° F. File hard surfaces, exceeding C-60 on 
the Rockwell scale, are readily secured and the 
hardened material may be tempered as desired. 

Physical properties of graphitic steel are of 
course closely related to the microstructures, which 
in turn depend upon the heat treatment and the 
resulting combined carbon. A typical set of values is 
given in the table on the next page. 

Experience has demonstrated that we have no 
difficulty in hot rolling or forging our graphitic steel 
Forging temperatures should not, however, exceed 
2000° F. This steel may also be welded satisfac 
torily, but it will air harden and consequently should 
be normalized or annealed after welding to relieve 
internal strains and restore the microstructure. Cold 





innealed and 
Vormalized 
Bar, After 
Spheroidizing 
at 1400° F. 
C.C. 0.73% 
Graphite 0.75% 


Microstructure (500 Dia.) of Graphitic Steel in Various Stages 


{nalysis: 1.489 C, 0409 Mn, 0.0129 P, 0.0169 S, 0.909¢ Si 


-or 


Annealed at 1750°, 
Water Quenched 
From 1450° F. 

CC. 0.78% 
Graphite 0.68% 
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forming is somewhat limited, as the relatively preliminary service” tests include bushings. 


large amount of free graphite materially brake drums, air hammer pistons and guides “ 
decreases its ductility. However, a considerable and piston rings. In all these applications 
degree of improvement in ductility may be free machining qualities, ability to devel ' 
obtained by cold drawing and subsequent low high hardness, long life and the positive h 
temperature annealing. A= “x,-in. cold-drawn cation assured by the graphitic areas o1 a 


“Graph-sil” bar can readily be bent 


cold 180) around its own diameter 





after the following treatment: Hot- 
rolled to 1-in. round; annealed at 
1800 .. furnace cooled; pickled to 
remove scale; cold-drawn in two 
passes to ‘,-in. round; annealed at 
1250° FF. for 1 hr. 


Service Data Acquired 


Service data on a wide range of 


dies made from graphitic steel indi- 








cate a life of from two to ten times 

that of the carbon or alloy steel or cast 

iron formerly used. This experience 

extends over at least a year in Timken 

Roller Bearing Co.’s plants and in 

those of several cooperating firms. Nie wer 

“Graph-sil” has also been used Sizing Die Made of area ae ~—— _ — ‘ 
{nother of Water Hardening Graphitic Steel Is in Good Shape . 


successfully in various types of gages, 





centerless grinder blades and grinding 





spindles. A considerable degree of 
acceptance has likewise been developed for this absorbed in the voids have demonstrated th: 
material for cylinder liners and sleeves for economic and technical value. 
gasoline and diesel engines, because of its free The drawing die shown at the left of th 
machining qualities and the fact that a sleeve pair was made from a standard grade of wate! 
made from graphitic steel tubing need be only hardening die steel. It was used for sizing Tin 
jy in. thick. ken bearing cages. Service records show thal 
Other applications proven successful in after sizing approximately 10,000 pieces, dies o! 
this type are badly scuffed 
: 
> 2 > a . was : as shown in the illustra 
Physical Properties of Graphitic Steel ; = 
an a i . lia tion. When “Graph-sil 
Analysis: 1.51% C, 0.96% Si, 0.40% Mn, 0.015% P, 0.014% S : : 
was used in this sam 
: ‘S] ‘ ‘rvice 10W 
COMBINED YreELD ULTIMATE ELONG. Rep.or Bri Izop design and service, hoy 
PREATMENT CARBON PoINT STRENGTH IN2IN. AREA NELL Frt.-Lp. ever, a run. of 309,00! 
ae —_ ; ; : yleces Was made and 
Specimens Air Cooled From Respective Annealing Temperatures pier as ! 
1400° F. 0.66 62.250 120.250 17.5 26.1 241 8.0 die still remained in good 
1500° F. 0.69 65,500 138,500 13.5 20.3 255 7.0 condition! This is show! 
1600° F, 0.72 67,500 143,000 12.0 17.4 269 5 . . . ty 
: te Pag . : 7 — at the right in the illustra 
1700° F O.40 70,790 147,000 10.5 15.2 285 1.0) ; ate as 
: . . . . : : om tion. The hole in this dv 
Specimens Furnace Cooled From Respective Annealing Temperatures Nad te a 
1400° F, 0.59 17.250 07.000 93.5 88 6 197 18.5 was quenched 1n oll 
1500" F. 0.55 17,700 99,000 19.5 29.9 201 15.0 spray from 1500° | nd 
16007 F, 0.48 20,000 100.000 18.0 29.0) 201 10.0 the piece tempered at ou 
700° I 0.26 14.000 81.000 15.0 21.8 163 0.0 . : 
; F.; the wearing surfact 
Annealed Specimens Water Quenched From 1450° F. developed a hardnes 
and Tempered as Shown . ae 3 I 
900° F, O.86 158,000 201,500 8.5 18.1 288 C-62 to 63, Rock‘ 
1100° F. 0.79 116.000 154.000 14.0 30.0 302 — i; while the body of the ¢ 
showed C-20 to 22. 











Vetal Progress; Page 412 











pered at 300 I 





————————— 
Steel Containing 0.25% 
if sm. Annealed, Normal- 


Spheroidized. Combined 


9%, graphite 0.70% 





—_ 


\lloy Graphitic Steel 


*Graph-mo” 


second t\ pe ot 
ral tic steel has also 


been developed to meet 


the need for an oil hard- 
e] grade while 
still retaining the free 


machining properties ol 
Graph-sil,” vet having improved physical prop- 
erties together with minimum distortion when 
quenched in oil. This grade of graphitic steel 


has been designated as “Graph-mo” 


imries WU. 


used successfully 


factory and other plants for dies formerly 
de from oil hardening grades of tool steel. 
responds to heat treatment 
ne manner as does “Graph-sil,” and the last 


illustrates the typical structure of the 


is shipped ready 
semble the micro- 
ire of quenched 
Graph-sil” as shown in 
previous view. Its 
plete chemical 
sis is 1.45 Ra 
Mn, 0.008' x 
S, 0.75) Si and 

2 Mo. 
\ typical example 
use of “Graph- 
r winging (coin- 
sunches is shown 
halftone at = the 
of this page. 
formerly an oil 
ing tool steel 
ed and gave a 
LOOO to 1000) 
the use of 
mo’ for the 
part enabled 
pieces to be 
These punches 
enched in oil 


1 EF. and tem- 





developing a hardness 
of C-61 to 62 without 
distortion. Service In 
the Timken bearing fac 
tory shows that the 
edges of punches mad 
from this new material 
stand up in regular pro 
duction work without 
showing anv evidence 
of chipping, dulling or 


spalling. 





hardening 


25 to 0.306 of molybdenum. 


machining 


r ng After quenching 


tesearch on prop 
erties and character 
istics of graphitic steel is still being conducted 
in the laboratories of the Steel and Tube Divi 
sion of The Timken Roller Bearing Co., and test 
applications of both varieties described in this 
article are being studied in the bearing factory 
and numerous other plants. Considerable expe 
rience has already been accumulated on their 
service as dies for working and shaping mate 
rials such as steel, brass, Dow metal, aluminum, 
paper and powdered bronze. Although much 
work still remains to be done to determine 
accurately the best methods of handling and 
applving graphitic steel, the data at hand indi 


cate a wide range ol pot ntial possibiliti« s 





Oil Hardening Graphitic Steel in Coining Die and Punches in Good Shape After 
{verage Production of Dies Made of Conventional Steels. Bearing 
cage is shown in die; a series of 15 punches are arranged in a circle (of which 


four are in place) and a tapered plug forces their enlarged lower ends into the slots 
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NITROGEN ABSORBED BY STEEL 
WHEN LUBRICATION FAILS 


Special letter to MeraL PROGRESS 
By Hans DIERGARTEN 
Metallurgist, SKF Bearing Co. 
‘CHWEINFURT, Genohany It was 
demonstrated some vears ago by M. 
Fink that steel parts rubbed together dry 
will develop a peculiar surface condition 


A 


leading to rapid fatigue failure. This is 
not, however, a purely mechanical prob- 
lem, since the chemical effect of “friction 
oxidation” also plays a part. This “fric- 
tion rust” at points of contact, such as on 
axle journals, for instance, not only 
causes the red oxide, rust, but fatigue 
failure frequently starts from these 
spots. A. Thum and F. Wunderlich, on 
the other hand, believe that oxidation 


plays only a subordinate role to mechan- 











{ Section Through a Spring Leaf Shows That 
Bright Worn Spots on the Surface Are Associated 
With a Structureless Micro-Constituent. This 
and other views are kindly loaned by H. Schottky 
and H. Hiltenkamp of the Krupp laboratories 





ical effect. They base this view on tests of S. J. Rosen. 


berg and L. Jordan indicating that more we ind 
surface roughening take place in an oxygen-free atmos. 


phere than in one containing oxygen. 

H. Schottky and H. Hiltenkamp have studied 
several parts that had been worn smooth (and thei: 
work is reported in Technischen Mitteilungen Krupp 
1936, No. 3) in order to determine why fracture origi- 
nated at these spots. They found no rust on thes 


spots. and came to 





the conclusion that 
nitrogen, not oxvgen, 
was the important 
factor in the destruc- 
tion of the surface by 
wear. The following 
notes endeavor to 
summarize this 
important investiga- 
tion. 

Phe first micro- 
vraph shows a longi- 


tudinal section 





through a bright spot 


worn smooth on a 





spring leat. A change Diamond Scratch Test Shows Rel- 


in structure at the ative Hardness of Material Devel- 


oby iOUS. 





surface is oped aa i orn Spots Compare | 
Numerous cracks are With Cold Worked Steel Below 





also present. It can 


be seen that the hard 
material of the outer layer has pressed into the int 
The hardness 


of this new structure in the outer layer is shown by th 


Similar observations have be : 


mediate layer and caused it to deform. 


scratch hardness test. 
made on other test pieces. 

The supposition that these spots are enriched 
nitrogen was confirmed by micro-chemical investig 
tions by P. Klinger and W. Koch. The nitrogen « 
of the worn spot was 0.074 to 0.090°7, while the suria 
below this spot contained 0.0065° and the inte! 
the piece contained 0.0067. These values were ob‘ained 
on chips scraped from the spring. 

Similar observations were made on damagec & 
teeth. This steel had 0.40% carbon. A section norm 
to the surface shows that a layer of special cons! 


exists down to a definite depth, and sections p alle 


wae 


' 


to the surface show bright islands of this specia! co® & 
stituent embedded in a ferritic-pearlitic grou! 
Micro-chemical nitrogen determination on the ))¢)" 
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{ BRAND-NEW CUSTOMER used the tele- 
phone this morning. Betty Sue called 
up that nice little girl around the 
corner. 

Evers day, hundreds of Betty Sues 
speak their first sentences into the 
telephone. Just little folks, with casual. 
friendly greetings to each other. Yet 
their calls are handled as quickly and 
efficiently as if they concerned the 
most important affairs of Mother and 


Daddy. 


For there is no distinction 











in telephone service. Its benefits are 
old and voung. rich 


To Betty Sue, the 


available to all 
and poor alike. 
telephone may some day become 
commonplace. But it is never that to 
the workers in the Bell Svstem. 
There is constant, never-ending 
search for ways to improve the speed, 
clarity and efliciency of your telephone 


calls... to provide the most 


service, and the best, at the ‘a \ 
lowest possible cost, ® 4 


BELL TELEPHONE SYSTEM 
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stressed part at a worn spot and on an unscored 


section near by, 


the following values: 


HIGHLY LESS 

STRESSED STRESSED 
Thickness of surface laver 0.040 mm. 0.045 mm. 
O.013° 0.008 
0.004 ° 0.004 ° 


Nitrogen in surface lavet 
Nitrogen in interior 


Another example was a chromium-nickel 
steel pinion in which chips scraped from the 
rubbed spot contained 0.042 and 0.085% nitro- 
ven, While the interior contained 0.0065 and 


uy 
0.006, nitrogen. 

Similar conditions can be developed during 
wear tests on a shaft broken in fatigue origi- 


nating in a worn area. Such tests at the Krupp 











Special Structural Constituent Formed on 
a 0.10% Carbon Steel Gear, Badly Scoured 


and Pitted by Running Ul nlubricated 





laboratories showed an increase in nitrogen up 
to O12 for a specific surface pressure and 
lemperature. 

Chipping the surface likewise absorbs nitro- 
gen from the air, which is an important factor 
in determining nitrogen in steel chips. In the 
same issue of Technischen Mitteilungen Krupp 
H. J. Wiester established the interesting fact that 
grinding soft iron can also cause the absorption 
of nitrogen. His test results show coarse grind- 
ing can increase nitrogen content to 0.09% in a 
material whose original nitrogen content was 
only about 0.01 


Hans DieRGARTEN 


subjected to less stress, gives 


MULTIPLE TEMPERING 
oF HIGH SpPpEED STEEL 
Special letter to Mera. PRoGREsS 


By Francis W. Row: 


Metallurgist, David Brown & Sons, Gear Mal} 


DENISTONE, Suervietp, ENGLAND Im the 
May issue of last vear a letter was printed 
describing an investigation by Russian metal! 
lurgists on the multiple tempering of various 
high speed steels, which caused the writer to 
look up work done in his laboratories in 1933 
on the same subject. At that time many varia- 
tions in hardening and tempering treatment of 
various grades of 18:1:1 high speed steel wer 
tried, including many on multiple tempering 
During the last three years these results hav 
been followed through on an extensive scale i 
works practice. Among the results obtained 
were the following: 
The Rockwell “CC” 


in the hardened condition before tempering did 


hardness of specimens 


not show any considerable differences will 





variation of quenching temperature, but ther 
was, however, a consistent repetition of slightly 
higher hardness the lower the initial quenching 
temperature. Practically any sort of standard 
tempering treatment reversed these results, t! 

is to say, the lower the initial quenching | C 
pering the lower the maximum hardness 


é 
any tempering temperature between 100 ; 
110) COU Representative results — tem] 1 

168 specimens at 1040" F. for one hou 
shown alongside the “as quenched” figures : 
the following tabulation: . 
QUENCHED TEMPERED ( 

FROM As QUENCHED aT 1041 
2345° F. C-65.9 C-65.4 . 

2370 C-65.6 C-66.1 

2410 C-69.1 C-66.2 

2445 C-64.8 C-66.7 

These results, I believe, are in agre 
with much published work on the hare F 

and tempering of 18:4:1 steel. 

On multiple tempering the typical 
are as indicated by the following, cited ; 

many experiments in this field. Twen 


pieces were taken and six of each hat 


under standardized conditions from each 


(Continued on page 446 
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“Take care of the pennies... 


One bolt is small, and comparatively inexpensive — 
either to buy or to make. But—bolts “in the mass” 
can easily represent a very considerable outlay. 
The saving of even a small fraction of a cent in the 
production cost may come to a substantial sum in 
the aggregate. 

For example: One concern has standardized on 
Chrome-Moly (SAE 4140) bolts because they are 


ier to machine — resulting in savings on both tool 





vf 


expense and machining time. In addition, their 
improved physical properties assure better service 
performance. 

Moly steels are cutting production costs through- 
out industry because they are more economical to 
fabricate— whether the process be heat-treating. 
forging, carburizing. or machining. . . . They also 
impart to finished products higher quality, resulting 


in better service. 


Our free technical book, “Molybdenum,” will prove useful to engineers and production heads interested in cost cutting and 


product improvement. Our monthly news-sheet, “The Moly Matrix,’ keeps readers informed on Moly developments. 


Consult our laboratory when ferrous problems get tough. Climax Molybdenum Company, 500 Fifth Avenue, New York City. 


F »UCERS OF 


FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM 


TRIOXIDE 


Climax Mo-lyb-den-um Company 
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Harry R. Ansel, mechanical and W. <A. Purtell S has 


PERSONA oe structural engineer, has formed elected president of Billi & 





the Kor-Lok Co., manufacturers Spencer Co., Hartford, 
of interlocking corrugated sheet Frederick C. Billings, | 
William L. Weaver @ has been for roofing and siding. Mr. Ansel president, was elected cha 
promoted to the position of man is president of the company of the board. 


ser of stainless castings for Lud- , ‘ , Paul J. Cnare has 
H. F. Henriques and J. J. Lin- 


appointed sales representa 
coln, Jr. have been appointed 


lum Steel Co... Watervliet, N. ¥ 
Wisconsin and Minnesota { 


J. ©. Joublane @ has been assistant general sales managers , 
: : Claude B Schneible — ¢ 
appointed chief metallurgist: tor of Air Reduction Sales Co., with : . 5 
, Chicago, and Charles C. Hermann 
the Harnischfeger Corp. of Mil headquarters in) Cleveland and 
has been made representa! 
waukee Pittsburgh, respectively . , 
Eastern Pennsylvania 


Norman Paquin @ has | 
Ohio Seamless Tube Co., w! 


was mechanical engineer, t 


* 
the Weatherhead Co.. Cleve 
a ; : as research engineer. 
= | James G. Marshall, 


superintendent of the Niaga: 


FORTHE TOUGHEST METAL WORKING CONDITIONS Welland plants of Union Carb 


Co. and Electro Metallurgi 


has been awarded the Ja 


A New Development Schoelikopt Medal for 193 
Offering TEN (10) Practical Advantages aunties: at Gee aa 


"Ss tions to the calcium earbicd 
warts ferro-alloy industry. 


N. B.. Gilliland = has 


appointed to the sales enging rt 
stall of The Lincoln Elect: ( 
in the Detroit office 

Lee P. Tolman @ is 


THE MODERN GRINDING LUBRICANT Gas hecaaes ak ee 


neering Department ot 


THe MODERN SOLUBLE CUTTING OIL negie-Illinois Steel Corp., Y 


(1) Finish (2) Wheel Wear conatiapn ot | 
(3) Settling Chips James Allison @, field s 


: metallurgist for the Union D 
(4) Transparency (5) Foaming Steel Co. in New York and 


(6) Rust Prevention England, has been made | 
(7) Ease of Mixing (8) Rancidity manager ol Billings «& Spe at 
: (9) Gumming (10) Price W. D. Coolidge and Irving 
lL Write Langmuir, director and as 
MpOERN oc uBRIC git 722 director respectively 0 
ERAN SOLU cutT! » 
aeaaild C yi TIIADT , ind j Research Laboratory, ( 
“ Nr , ; Electric Co., are the recipi 
, two of the John Seott 1937 
of the City of Philadelp! 


outstanding improvem 


FREE WORKING SAMPLE UPON REQUEST a ia ak ieee 
lamps. 
D . A. 5 3 U A RT ry, th O - J. A. Dwyer, manage! 
ESTABLISHED !I865 Philadelphia branch of Cra 
CHICAGO U.S.A. has become district manag 
Warehouses in Principal Industrial Centers all Crane branches in the ¢ 





territory 
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GRAY IRON 


FOUNDRIES ADVERTISING :— 


Laundry Machinery Company 

Rochester, N. ¥ 
St. Louis, Me 
Bethayres, Pa 
Ohie 
Cincinnati, Ohio 
New York, N. ¥ 
Ansonia 

Machine Co 
Florence. N. J 


Iron Works 

Butterworth & Sons 

sessemer Corporation Mt 
Milling Machine Co 

vetrick Company 
rmingham Co 

¢ Pipe Foundry & 


Vernon 


Conn 
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MEEHANITE 





Fulton Foundry & Machine Co 
G.HR 
Greenlee Foundry Company 

Hamilton Foundry & Machine Co 


Cleveland, Ohie 
Dayton, Ohie 
Chicago, tl 
Hamilton, Ohie 


Foundry Company 


Kanawha Manufacturing Co Charleston, W. Va 
Michigan Valve & Foundry Co 
Rosedale Foundry & Machine Co 


Ross-Merhan Foundries 


Detroit, Mich 

Pittsburgh, Pa 

Chattanooga, Tenn 
Oakland, Calif 

Corporation 

Phillipsburc, N. J 


Vulean Foundry Co 


Warren Foundry & Pipe 











Gilbert S. Schaller, a: ate 
P E R S O N A 8 S protessor ol mechanical e; 


ing, University of Was! 





was elected chairman { 
> or . yeca 
Robert W. Schlumpf, metallur- - wly formed = 1 nee 
vical engineer, Hughes Tool Co.. Chapter, &. Monte’ E. Parker 
Seattle Vocational Scho Was 


has been elected chairman of a 
third new @ Chapter in Texas 
(. H. Shapiro, metallurgist, Reed 


made secretary-treasure! 


Sam H. Graf, profess 
Roller Bit Co., is viee-chairman mechanical engineering 
and Charles F. Lewis, metallur- director of engineering resear 
sical engineer, the Midvale Co., ts Oregon State College, is ch na 
of the new Oregon Chapter @ 
Warren J. Ulrich, manag } 
Pacific Machinery and Too! Ste 


secretary-treasurer 


EK. O. Mattocks @ is leaving 


American Gas Association 





aa = Bie Co., is vice-chairman; and Norton 
Research Laboratory, Cleveland, Frank J. Enright @, advertising oe 
ot anager for Metal Progre am L. Peck, Columbia Steel Co., js 
to become industrial engineer for manager tor Meta rogress since 
secretary-treasurer. 


: . vir ina QG* ‘ j > 
Phillips Petroleum Co., Philgas its beginning in 1930, has joined 


Division, in the New York and _ the A. F. Holden Co., New Haven, Bruce B. Wallace has joined th 


New Jersey region Conn., as director of sales and staff, in Los Angeles, of The 
advertising. This announcement Foxboro Co. as enles ensines 
4 . < a = ct 


C. W. Heppenstall &, president is made with the keenest regret, 
and treasurer of the Heppenstall for his steady enthusiasm and S. F. Keener ©, president 
Co., Pittsburgh, was the guest of his sound publishing judgment Salem Engineering Co., Salem 
honor at a dinner recently given have been invaluable in main- Ohio, is spending much of his 
by his employees in celebration taining a high quality in Metal time in London, England, where 
of his 44 vears of service with the Progress. an office of the Salem Engineering 
company E. E. Thum, Editor Co. was recently opened 






































USED on 
a ; — 
Gray Iron Castings 
Steel Castings 
Special Steel Castings | 
Mes 
T ry ’ ’ | 
ELIMINA rES...Piping. Cavities and Porosity in | 
your castings and greatly reduces | 
scrap heads and runners. Heads | 
reduced 40%. 
SA} ES...Money : Time: Labor. 
Eliminates Waste. 
VISIT OUR BOOTH EXHIBIT AT MILWAUKEE—MAY 3-7 
rg’ . ) T y ’ > T r T ‘ 
THE ALPHA-LUX COMPANY, INC. ; 
192 FRONT STREET NEW YORK CITY, N. Y. 
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MICHIGAN STEEL CASTING COMPANY 


he World's Pioneer Producers of Heat and Corrosion Resistant Alloy Castings 


1980 GUOIN STREET, DETROIT, MICHIGAN 











lash 


CONVEYOR ROLLS 


MISCO Centriflash conveyor rolls combine light weight with 



















rugged strength — low cost with long life. No mechanical joints 
are used in the manufacture of Misco Centriflash rolls. The 
end castings (trunnions) are flash welded to the centrifugally 


cast tube. 


This construction was originated by \Nlisco and more than 600 


of these rolls are now in service at temperatures up to 2050° F. 


Your inquiries are invited 


\/ 


Heat and Corrosion Resistant Alloys 
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@ How often have you spent hours at a time in 
search of exact physical property data on a par- 
ticular steel? How often have you tried to find 
this information in the volumes of already pub- 
lished data? 

Every one who works with steel knows how this 
information is scattered through the four corners 
of the metal industry. Now, for the first time, this 
data is concentrated in one authoritative reference 
book — it is available at a glance in 


} } ; ‘ + - | QrOrrerre Ter. +--+ 
+--+ + ++ 4-4 
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®@ The “Steel Atlas” is an authoritative new refer- 
ence book on the physical properties of popular 
steels and steel castings with charts presented in 
three colors. Compiled in a new and unique man- 
ner and illustrated with thirty-five attractive 
graphs, you get at a glance the properties of steels 
as affected by carbon content, alloy content, heat 
treatment, tempering treatments and other in- 
fluencing factors. 

For the first time, engineers, designers, metal- 
lurgists, chemists and others engaged in the use 
of steels can have in one compact volume the 
authoritative physical property data they need. 
You will want this accurate reference book to 
physical properties of S.A.E. steels, cast steels, 
plates, rounds and 18-8 stainless steels and sev- 
eral of the new high tensile strength steels. Send 
order and check today. 


90 Pages, 842 by 11, very heavy paper, 
blue cloth binding, $2.50 


Published by 


American Society for Metals 


7016 Euclid Avenue Cleveland, Ohio 


American Society for Metals 
7016 Euclid Avenue 
Cleveland, Ohio 
The “Steel Atlas” 
send me one copy. 
$2.50 is enclosed. 


will save many hours of my time. Please 
Check or money order in the amount of 


Name 








‘How Much Time Do You Spend 
Looking Up Physical Properties?| 


POLISHING T]Ix 














l Address 
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(Starts on page 395) when polished on 
ing pad quickly renders the pad gritty. Dy 


attacked firs 


etching, Wood’s metal is usually 

Simple equipment and procedu: 
mounting in bakelite have been fr 
described for instance, Metat Proap 
November 1933, page 33, and June 1936, | 
71. Mountings made under pressure at 325 


390° ~F. exceedingly clos: 


between the bakelite and the specimen, with 


provide an 


subsequent cracking on aging. The high te 
perature and pressure required, while not se 


some of the 


ously disadvantageous for hard 
metals and alloys, are serious drawbacks in | 
case of tin and tin alloys. These may 


removed by using the bakelite resin in its liqu 
and har 
much lows 


stage (first stage of polymerization) 


ening it by an acid solution at a 
temperature. The main drawback to this pla 
is the presence of acid, but this does not exc 
about 2.5°° and for tin and tin alloys its p 
ence has not proved objectionable. 

The acid-hardening solution, as supplied 
contains 25% of mix 


10 cc. of this s 


the manufacturers, 
acids, organic and sulphuric; 


tion is added to 100 cc. of bakelite resin 
stirred. The mixture is then poured into | 
mold and the specimen put in, and heated 


when the bak 
and to turn fro! 
then preferal 


110° F. for about half an hour, 
lite resin 
vray to pinkish-white. It is 
heated at 140° F. for 1% hr., 
required quantity 


begins to harden 


when it sets | 
Measurement of the 


facilitated by it bef 


resin can be warming 


pouring into a measuring cylinder, thus rend 
After the 


mixing vessel it shou 


ing it less viscous. warm res 
been transferred to the 
cold before adding ! 


be allowed to become 


hardener, as the heat generated on mix! 


cause the lf t 


reaction to develop rapidly 
happens, the bakelite bubb!l 
harden before the mixing is completed 
Bubbling and rapid hardening m 
take place if too high a temperature is 
Hence the 
temperature for a 


begins to 


when setting the resin. des 


of using the lower 
when the resi! 


tempel! 


inary period and then, 
hardened, 
about 140° F. The 


as the 


ciently raising the 
amount of acid to! 
is critical, heat produced by 


132 
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lerates the reaction and causes bubbles 
ind spoil the mold. 
me permits, a safe procedure is to warm 
d containing the resin slightly to start 
and then allow this to continue to 
on at room temperature, which takes 
24 hr. 

Split brass tubing, 1144 in. diameter, 144 in. 
rakes a good mold. Assemble the halves 
lass plate and build a dam around the 
th plasticine. 

\fter the specimens have been mounted, 
re cut through with the hacksaw and filed 
usual way. They are then polished by 

« the file marks on No. 0 emery paper, 

issing to 1.M., then 1.F., and finishing on 00. 
is been found that Huberts’ 0 emery paper 
be dispensed with. Where it is essential to 

lish finally by hand, time may sometimes be 

ved if the specimen is initially taken further 

000 or even 0000 emery paper. (These last 

pers should first be rubbed with a piece of 

rder metal to remove any upstanding parti- 

s which, despite the greatest care on the part 

makers, are sometimes found on them.) 

the scratches from the last emery paper 
removed by machine-polishing on selvyt 
th impregnated with heavy magnesium oxide, 

by hand-polishing on a selvyt pad, using a 

mercial metal polish. There are still parti- 
of abrasive left in the surface and _ fre- 
tly pad seratches; these are removed and 

( vceedingly fine micro-polish obtained by a 

ri hand polish on a prepared selvyt cloth 
hed on a piece of hard wood. The prep- 

nm of the cloth consists in soaking its sur- 
vith benzene and rubbing into its texture 
ily prepared alumina. During operation 

The ben- 


ts as a cleaner and prevents film forma- 


ibricated with distilled water. 


the surface of the metal, while it also 
s the surface free from abrasive particles. 
rubbing with very litthe powder on the 
ives the best results. 
he success of the above procedure ts 
dependent on the method of preparation 
tlumina. This is carried out as follows: 
nium alum of analytical reagent purity 
heated to remove the water of crystal- 
ind is then calcined for 6 or & hr. at 
Care is taken to keep the alumina fre 
ind for calcining a fused silica or 
n container is preferred. 
hing solutions are listed in @ Metals 
‘kK, 1936 Edition, page 1318.) 
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CUT YOUR COSTS OF 
MACHINING STEEL 


CUTANIT 
FOR HIGH SPEED 
PRODUCTION 


AMERICAN CUTTING ALLOYS, INC. 
500 Fifth Ave., New York 63 Milwaukee Ave., Detroit 


SCHLOSSER MFG. CO ECLIPSE COUNTERBORE CO. 
PHILADELPHIA, PA DETROIT and BRANCHES 
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for applications of Heat or 


re. « «se e068 


Specity 
Catt NICHROME 


Carburizing Containers 
Heat-treating Containers 
Pyrometer Tubes 

Lead Pots 

Cyanide Pots 

Furnace Parts 


Cast CHROMAX 


Carburizing Containers 
Lead Pots 

Cyanide Pots 

Furnace Parts 


made by 


DRIVER-~HARRIS COMPANY 


HARRISON, NEw JERSEY 
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| CARBURIZERS 


Tonk 4, «: sty 


Give CONTINUOUSLY 
UNIFORM 
ACTIVITY... 


WITH ONLY 10% TO 
15% NEW ADDED 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 











PURE CARBIDE-FREE 


metals 


BASSASSAAASSSNSAAAAAAAA 








Tungsten Powder 97-98% 
Pure Manganese 97.99% 
Ferro-Chromium 60% 
Pure Chromium 98.99% 
Ferro-Tungsten 75-80% 
Ferro-Titanium_25% and 40% 
Ferro-Vanadium 35-40% 


Send for Pamphlet No. 2021 


BANNAN 


Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


Albany ® Pittsburgh * Chicago 
South San Francisco * Toronto 
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FLAKES IN INGOTS 
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Continued from page 379 
aut the edge of the cavity, where the radiu 
vature is very small. In this way, hair « 5 
Nukes may enlarge with minute cavities as 
but as the volume of these cavities increa 
pressure within them diminishes, so that t! 
or flakes cannot grow beyond a certain sm 
ume. This explains how a number of smal! flak 
can be seattered throughout steel ingots 

Of course, hydrogen in molten steel will 
be less than saturation. Various analysts { 
amounts in solid steel ranging from 0.00] 
0.0001° ; hence if the volume of the cavity is 
the order of 0.01 cu.mm., the tangential or brea 
stress due to hydrogen becomes respectively 130,00 
psi. to 138,000 psi So it is difficult to conclud 
the pressure of hydrogen gas always causes {] 
formation 

It is to be emphasized that flakes are prod 
only by the action of stress induced in the mat 
The study of the cause of formation of fla 
therefore nothing but the investigation into t! 
nature of stress existing in steel ingots. The | 
cipal stresses induced in the material during cooling 
are: 1) The stress caused by the pressur 
hvdrogen gas, (2) thermal stress, and (3) tr 
formation stress. The thermal stress arises fro 
difference of temperatures between the in 
outer portions of the ingot and so depends 
dimensions as well as on the rate of cooling 
transformation stress is also attributed to th 
difference of the occurrence of transformati 
the outer and inner portions of the ingot 
depends also on its dimension and on thi 
cooling: the last two stresses always take p 
superposed one upon the other. 

In the case of a 16-in. sphere, one of the pres 
writers has obtained theoretically the stress ¢ 
tribution along its radius, in the course of cooling 
on the assumption that steel is perfectly elast 
viscous when its temperature is higher than a « 
tain threshold value, and that it becomes | 
elastic below this value. He has also fo 
the stress distribution is greatly affected 
transformation point relative to the first ! 
ture at which steel is assumed to become | 
elastic during cooling. 

It is often stated that carbon steel is ! 
to flakes than chromium steels; one of the caus 
is that the Ar transformation in the all! 
occurs at a lower temperature than it do« 
bon steels, in fact, after the steel passes fr 
to perfectly elastic condition. 

The amount of hydrogen escaping 
ingot during slow cooling is calculated, 
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it is concluded that this is a prime rea- 
small ingots are less susceptible to flake 
than large ones; the thermal and trans- 
stresses are also less 
sions favor flake formation because thei 
s of expansion are different from steel, 
cause minute inclusions for gas to collect 
ttom of an ingot is less susceptible because 
vy is cleaner and under less internal stress. 
luctions during torging are desirable 
hey squeeze out some hydrogen and elimi- 
points. High temperature melting and 
erature casting makes for a low hydrogen 
prolonged annealing makes steel homoge- 
w cooling reduces thermal and transfor- 
stresses. All these reduce flake formation 
stly the present writers’ view regarding the 
1 between the flakes and the so-called “white 
s that flakes are usually at first formed at 
aratively high temperatures by the combined 
f the stresses above mentioned, some por- 
vithin them remaining unbroken; at lower 
ratures these portions are broken by the pres- 
| hydrogen gas, showing a fresh, fine-grained 
rhis is similar to the relation between the 
pheral portion and the central cup of the frac- 
i tensile test that is, lakes correspond to 


the periphery and the white spots to the cup. 
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BOX TYPE FURNACE 


P. D. M. BOX TYPE FURNACES 


For continuous operation up to 1800° F. 
available for higher temperatures. 
prices on request. 


INDUSTRIAL FURNACE DIVISION 


CRUCIBLE STEEL COMPANY 
ALIQUIPPA, PA. 








OIL—GAS—ELECTRIC 


P.D.M. Box Type Furnaces—by the use of modern 
high quality materials and advanced design—assure 
maximum efficiency, speed and uniformity of heating 
with long life and low fuel and maintenance costs. 
The improved combustion equipment permits flexibil- 
ity of heat input with good control of furnace atmos- 
pheres at all capacities. 
lexibility of use so necessary for modern production 
methods. 


P.D.M. Box Type Furnaces can be supplied for 
open treatment or with refractory or alloy muffler for 
special atmospheres. 


It provides the important 


Hardening Drawing 
Annealing Stress Relieving 
Carburizing Nitriding 
Brazing Preheating 






Also 
Full details and 















PHILADELPHIA DRYING MACHINERY CO. 
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3348 Stokley Street, Philadelphia, Pa. (\'F 
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